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“LOUIS AGASSIZ, TEACHER”’ 


By Dr. DAVID STARR JORDAN 


STANFORD UNIVERSITY 


I 


In a recent review, Dr. Edwin E. Slosson suggested that some 
graduate student should take as his thesis ‘‘The genealogical tree 
of great American scientists’’ or ‘‘The contagion of ideas,’’ using 
as an example the far-reaching influence of Agassiz. But what of 
the forees that moulded Agassiz? In his ease the contagion of 
ideas goes directly back to the great embryologist of Munich, Ignaz 
von Déllinger. To Cuvier and Humboldt, also, he gratefully 
acknowledged his profound indebtedness, but he once said to me: 

I lived for three years under Dr. Déllinger’s roof, and my scientific train- 
ing goes back to him and to him alone. It was Ddollinger who first taught me 
to trace the development of animals. 

Of his own lodging in the scientist’s home at the University of 
Munich he spoke as follows in one of his addresses: 

It was bedroom, library, drawingroom, study, fencing-room all in one; 
students and professors used to call it ‘‘The Little Academy.’’ 

In that ‘‘little academy’’ some of the most important discov- 
eries of the time were made. There were first discussed the distri- 
bution of Baltic fishes, the anatomy of the lamprey and, most im- 
portant (by Schimper and Braun), the law of phyllotaxy, ‘‘the 
marvellous rhythmical arrangement of the leaves of plants,’’ as 
Agassiz described it. 

In Europe, Agassiz was a student and investigator rather than 
ateacher. Yet, in his brief professorship at Neufchatel, he showed 
the same tireless energy which built up the Museum of Comparative 
Zoology at Cambridge. With boundless enthusiasm he gathered 

1 Designation used by Agassiz, in his will. This essay was read at the 
fiftieth anniversary of the school at Penikese, August 13, 1923. 
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about him a houseful of cooperating students, a hive of worker 
sharing with them his scanty income and maintaining a publishing 
house with a steady output of useful works, the largest and most 
pretentious being his ‘‘ Nomenclator Zoologicus.’’ His monumenta] 
contributions came later, however. They deal on the one hand wit 
the fossil fishes, on the other with the glacial system of the Alps 
and of Northern Europe. | 

Leaving Neufchatel, he went to study at the Jardin des Plant: 
in Paris. Here he came under the influence of Cuvier, the great 
master of comparative anatomy, whose mission was to make the 
classification of animals not an arbitrary scheme of convenier 
but a reflex of their structure. Before Cuvier, taxonomy had litt] 
meaning. Each different kind, very uncritically described, was 
called a species and flung into a convenient genus, as into a pigeon- 
hole; that these adjustments correspond to essential realities of 
structure and of origin was scarcely apprehended. It was left to 
Darwin to lead systematists to realize that a permanent scheme is 
a map of relationships and that systematic zoology and botany rest 
finally on our knowledge or conception of genetic origins and con- 
nections. In large degree, Agassiz’s attitude was a continuation 
of that of Cuvier, whose mantle was said to have fallen on him 

In the Jardin des Plantes, according to Theodore Lyman, on 
of his early students: 

He worked for years, never knowing the value of silver except as it served t 
get his meals at some café of the students, or when very fortunate, to buy 
some scientific book second-hand from the open air stalls near the Institute 

His small handwriting, which seemed unnatural in so broad and impulsive 
a character, was a result of early necessity. On the backs of old letters and 
on odd scraps of paper he copied as closely as possible many volumes wh 
he needed but could not buy. 

Those little low rooms, five in all, in the old building at Paris, propp 
up at one end with timbers—they should be the mecca of scientific devotees 
Perhaps every great zoologist of the past hundred years has sat in them and 
discussed the problems which are always inviting solution and are never solv 
Cuvier, Humboldt, Johannes Miiller, Valenciennes, Von Baer—they have ail 
gone except the last, who lingers to remind us of the giants that once were. 

Everywhere in these galleries and laboratories, it is the same. You a! 
surrounded by the traditions of science. The spirits of great naturalists st 
haunt the corridors and speak through the specimens their hands have set 1 
order. 


It was in Paris, also, that Agassiz first met Humboldt. In an 
address at Boston he graciously describes his relation to the author 
of ‘‘Cosmos’’: 


Humboldt’s sympathy for all young students of nature was one of th 


noblest traits of his long life. It may truly be said that towards the close of 
his career there was hardly one prominent or aspiring young man in the w yrid 
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who was not under some obligation to him. His sympathy touched not only 
the work of those in whom he was interested but extended also to their material 
welfare and embarrassments. 

At that period (1831) I was twenty-four and he, sixty-two. I had recently 
taken my degree of Doctor of Medicine and was struggling not only for a scien- 
tific position but for means of existence also. He gave me permission to come 
as often as I pleased to his room, opening to me freely the inestimable advan- 
tages which intercourse with such a man gave a young investigator like myself. 
But he did far more than this. Occupied and surrounded as he was, he sought 
me out in my own lodging. The first visit he paid me at my narrow quarters 
in the Quartier Latin was characteristic of the man. After a cordial greeting 
he walked straight to what was then my library—a small bookshelf containing 
a few classics, the meanest editions bought for a trifle along the Quays, some 
works on philosophy and physics, his own views of nature, Aristotle’s ‘‘ Zool 
ogy,’’ Linnaeus’s ‘‘Systema Naturae,’’ Cuvier’s ‘‘Régne Animal,’’ and quite 
a number of manuscript quartos, copies which, with the assistance of my 
brother, I had made of works I was too poor to buy, though they cost but a 
few francs a volume. 

Most conspicuous of all were twelve of the new German cyclopedia pre 
sented to me by the publisher. I shall never forget, after his look of mingled 
interest and surprise at my little collection, his half-sarcastic question as he 
pounced on the great encyclopedia, ‘‘Was machen Sie denn mit dieser Esels 
briicke’’? (‘‘What are you doing with this Ass’s Bridge’’?) 

It was, no doubt, apparent to him that I was not over familiar with the 
good things of this world, for I shortly received an invitation to meet him at 
six o’clock at the Palais Royal, whence he led me into one of those restaurants 
the tempting windows of which I had occasionally passed by. 

When we were seated, he half laughingly, half inquiringly, asked me 
whether I would order the dinner. I declined the invitation, saying that we 
should fare better if he would take the trouble. And for three hours which 
passed like a dream I had him all to myself. How he examined me and how 
much I learned in that short time! 

How to work, what to do, what to avoid, how to live, how to distribute my 
time, what methods of study to pursue—these were the things of which he 
talked to me on that delightful evening. 

It was not enough for him to cheer and stimulate the student; he cared 
also to give a rare indulgence to a young man who could allow himself few 
luxuries. 

In 1846, at the age of 39, Agassiz left Paris for America. ‘‘He 
came in a spirit of adventure and curiosity. He stayed because he 
loved a country where he could think and act as he pleased and 
where his ceaseless activity would be considered a high quality—a 
land where nature was rich, but tools and workmen few and tradi- 
tions none.’’ ‘‘It was the act of a man bold, restless and original. 
He was not spurred by failure, for his reputation had been already 
made’’ by his monographs on the glaciers and the fossil fishes, and 
he had been offered the directorship of the national museum at 
the Jardin des Plantes, than which no higher distinction could be 
granted by France. 

His entrance into the faculty of Harvard College marked the 
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beginning of a new era in American education. He has been called 
our first university builder, because of his unprecedented emp] 

on advanced and original work as factors in mental training. H, 
laid great stress on the direct study of nature; to know something 
well is ‘‘the backbone of education.’’ Science is built on inductio) 
it is human experience tested and set in order. Hence arose his 
zeal for research, and his enthusiasm ‘‘set the heart of the yout! 
flame.’’ A new force shattered the self-satisfied routine 
Harvard! 

Some of his associates took alarm at this; it was ‘‘making ¢ 
college lop-sided,’’ they thought. Even broad-minded Emerson sug 
gested that something should be done to check the rush towards 
natural history. Agassiz retorted that if the college were b 
coming one-sided, the remedy was not to cut off the vigorous growt! 
but to stimulate the rest. ‘‘I, for one,’’ said he, ‘‘would be willing 
to run a race with any of my colleagues.’’ At one time he declared, 
as his greatest achievement, that he had ‘‘taught men to think.’’ A 
great teacher always leaves a great mark on every student wit! 
whom he comes in contact. 

Agassiz was a born optimist ; his strength lay largely in his reali- 
zation of the value of the present moment. He was always re: 
to help and encourage—‘‘the best friend that student ever had.’’ 
A contagious enthusiasm surrounded him like an atmosphere. He 
was a living illustration of Thoreau’s aphorism, ‘‘There is no hop 
for you unless the bit of sod under your feet is the sweetest to you 
in this world—in any world.’’ 

During this period he took a vigorous interest in the work of t 
lower schools. The science they taught was mostly of the routin 
order, ‘‘fourteen weeks’’ of memorizing in one subject aft 
another. Whenever opportunity arose, he strenuously urged a bet 
ter method. Speaking before teachers, he always displayed th 
actual material with which he had to deal. ‘‘There will never b 
good teaching in natural science,’’ he said, ‘‘nor in anything els’ 
until similar methods are brought into use.’’ He also insisted that 
a year or two in natural history, the study of things that are, would 
give the best kind of training for any sort of mental work. Rete: 
ring to the prescribed ‘‘classical course,’’ he used to say, ‘‘ Harvard 
is a respectable high school where they teach the dregs of edu 


9? 


cation. 
Vivid aceounts of his methods of dealing with individual stu 


dents have been given by Professors Nathaniel S. Shaler, Addiso 
E. Verrill, Burt G. Wilder and especially by Samuel H. Scudder 
All these are now brought together in a useful little book, ‘‘ Lou!s 
Agassiz as a Teacher,’’ by Professor Lane Cooper of Cornell. 
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It was an essential feature of Agassiz’s training that he turned 
men from their chosen groups and gave them for inductive study 
something of which they knew nothing. They were thus thrown on 
their own resources to build from the bottom without the burden 
of bad habits or confusing recollections. Mr. Seudder, a student of 
butterflies, was set to work for a year on Haemulon, a genus of trop- 
ieal fishes known as ‘‘Grunts’’ or ‘‘Roneadors.’’ Shaler, a geolo- 
gist, Was given a series of flounders to compare and dissect, and 
Morse, an artist, found it his task to know the common clam. Be- 
fore Hyatt and others were put boxes of mixed fish-bones to be 
sorted out and arranged. To me, a botanist especially interested 
in seaweeds, he gave charge of the schooner ‘‘Nina Aiken,’’ with 
which I was to visit the pound nets (or stationary traps) on 
Martha’s Vineyard to gather material for the Museum of Compara- 
tive Zoology. Here, then, I made my first acquaintance with marine 
fishes, finding them in bewildering variety and so full of interest 
that I have never turned back to the flowers I had formerly studied 
with eager zest. 

In Agassiz’s first class of advanced students at Harvard were 
William James, the philosopher, Joseph Le Conte, the geologist, and 
David A. Wells, the economist. Subsequent classes, including those 
present the first summer at Penikese, embraced nearly all the teach- 
ers of zoology of what was then the younger generation. No list is 
now available, but among those personally known to me I recall 
Nathaniel S. Shaler, Edward S. Morse, Alpheus Hyatt, Jeffries 
Wyman, Burt G. Wilder, Charles F. Hartt, Addison E. Verrill, 
Samuel H. Seudder, Frederick W. Putnam, Alpheus H. Packard, 
Edward A. Birge, Charles D. Walcott, Theodore Lyman, Alexander 
Agassiz, William Keith Brooks, Charles Sedgwick Minot, Charles O. 
Whitman, Samuel Garman, Walter Faxon, J. Walter Fewkes, W. 
0. Crosby, Frank H. Snow, Ernest Ingersoll, Lydia W. Shattuck, 
Austin C. Apgar and a number of other excellent teachers in nor- 
mal schools and high schools. Nearly all here enumerated became 
professors in natural science, using Agassiz’s methods, though not 
one of them adopting all his conclusions. 

So far as I know, I am the youngest naturalist now living who 
ever came under Agassiz’s direct teaching, but each of my seniors 
spread his ideals far and wide. Indeed, I ean scarcely recall the 
name of a single active naturalist in America or in Japan (for 
Morse taught in the Imperial University of Tokyo, where Mitsu- 
kuri, Iijima, Ishikawa and Kishinouye were in his classes) who has 
not been a pupil of one of Agassiz’s students. Thus, the teaching 
of zoology now rests in the hands of the master’s intellectual 
grandchildren and great-grandchildren. This fact lends point to 
Slosson’s phrase, ‘‘the contagion of ideas,’’ and its cognate, the con- 
tagion of personality. 





THE SCIENTIFIC MONTHLY 


II 


But in these later days the field of zoological study has broad. 
ened and extended into many narrow specialties. Its problems are 
no longer largely limited to accurate classification on the basis of 
comparative anatomy nor even embryology nor geologic succession 
The theory of evolution has passed far beyond the hypothesis stage 
and present activity centers largely about heredity and variation 
and the physical mechanism on which both depend. No greater 
advance has been made in biology than the discovery of the physical 
basis of heredity, the details of which lie beyond a possible guess 
by either Agassiz or Darwin, demanding a fine technique and pow- 
erful microscopes such as neither of them knew. But one unfor- 
tunate tendency of this erudite study of what I may call the Men- 
delian phyllotaxy of life is to turn the beginners from contact and 
towards theory. A new vocabulary has been introduced—this ap- 
plicable not to things that are, but to semi-metaphysical concep- 
tions regarding them. 

Goethe warned us that ‘‘theory is gray, while the eternal tre 
of life is green.’’ Yet from green to gray, elementary instruction 
in America is now rapidly turning back. As the old ‘‘ Fourteen 
Weeks’’ series served up the dry bones of obsolete classification, so 
the new biology brings the beginning student in face of inchoate 
conceptions, yet to be hardened into science, and in no way inspir- 
ing as an outlook on nature. We are, therefore, suffering from the 
*‘dry rot of academic biology,’’ so vigorously portrayed by Profes- 
sor William M. Wheeler. The teacher who roamed the fields with 
his flock and 


Wandered away and away 
With Nature the dear old nurse, 
Who sang to him night and day 
The songs of the Universe 


is giving place to the closet and greenhouse investigator who deals 
with names of conceptions and tendencies as his predecessors did 
with species and genera. 

To the Darwinian theory of evolution by natural selection Agas- 
siz was persistently opposed. Essentially an idealist, he regarded 
all his own investigations not as studies of animals and plants as 
such, but as glimpses into the divine plans of which their structures 
are the expression. ‘‘That earthly form is the cover of spirit 
was to him a truth at once fundamental and self-evident.’’ To his 
mind, also, divine ideas were especially embodied in animal life, 
the species being the ‘‘thought unit.’”’ The marvel of structural 
affinity—unity of plan—in creatures of widely diverse habits and 
outward appearance he took to be simply a result of the association 
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of ideas in the divine mind. To Darwin, on the other hand, those 
relations illustrated the tie of a common heredity acting under di- 
verse conditions of environment. 

But in a manner equally idealistic, it may be urged that if a 
species or line of heredity be actually changed by the obstacles that 
modify or split it up in its course, that fact may equally represent 
a divine thought. The problem before us is to find out the truth. 
Very few scientific men can conceive of the universe as undirected 
by some adequate and mighty intelligence, and certainly the evo- 
lutionist has a vastly more widened view of divinity than is pos- 
sible to one to whom ‘‘the God of Things That Are’’ has never been 
revealed. 

Yet Agassiz had no sympathy with the prejudices exploited by 
weak and foolish men in opposition to Darwin’s views. He believed 
in the absolute freedom of science, and that no authority whatever 
can answer beforehand the questions we endeavor to solve—an atti- 
tude strikingly evidenced by the fact that every one especially 
trained by him afterward joined the ranks of the evolutionists. For 
he taught us to think for ourselves, not merely to follow him. Thus, 
though I accepted his philosophy regarding the origin and perma- 
nence of species when I began serious studies in zoology, as my 
work went on their impermanence impressed me more and more 
strongly. Gradually I found it impossible to believe that the dif- 
ferent kinds of animals and plants had been separately created in 
their present forms. Nevertheless, while I paid tribute to Darwin’s 
marvelous insight, I was finally converted not by his argument, but 
rather by the special facts unrolling themselves before my own eyes, 
the rational meaning of which he had plainly indicated. I some- 
times said that I went over to the evolutionists with the grace of a 
cat the boy ‘‘leads’’ by its tail across the carpet! 

All of Agassiz’s students passed through a similar experience, 
and most of them came to recognize that in the production of every 
species at least four elements were involved—these being the resi- 
dent or internal factors of heredity and variation, and the external 
or environmental ones of selection and segregation. 

Referring to his work on fossil fishes in the early forties, Agassiz 
once told me, ‘‘ At that time I was on the verge of anticipating Dar- 
winism, but I found that the highest fishes were those that came 
first.’’ That is, the sharks, the most primitive in some respects, had 
the largest brains, the most specialized teeth and muscular system, 
and judging from the nervous system alone should be regarded as 
the highest of fishes. But he had fallen into the error of supposing 
that evolutionary divergence could be measured in terms of prog- 
ress. Sharks in most regards are primitive as compared with the 
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welter of bony fishes that followed them. The latter are more dis 
tinctly ‘‘fish-like,’’ with an enormous variety of specializations. f} 
ting them for their diverse forms of life. As with the sharks ¢ 
transformations lie outside the line of the supposed ancestry 
higher forms. Natural selection while bringing about ‘‘progress’’ 
in certain lines—or increased specialization through more varied 
relation to environment—by no means involves universal or e\ 
general progress. It leads to varied fitness to actual conditi 
Natural selection preserves as ancestors those who run the actu 
gauntlet of life, and retrogression is as evident a factor in evolutioy 


as progress. 
Moreover, it is not from the most specialized or fish-like fis 
that the higher forms seem to have descended. The supposed an 
eestors of amphibians and reptiles are the nearly extinct Dipnoans 
by no means the highest of fishes, but the most reptilian, and th 


only group from which higher vertebrates could have sprung 


III 


The last and most picturesque of Agassiz’s efforts was t] 
which brings you together to-day, and it is a deep disappointm: 
that I can not be present to pay my tribute in person to the er 
est teacher I have known. 

But in ‘‘The Days of a Man”’ (and elsewhere) I have given mj 
account of Penikese. Its most memorable incident, one that will 
bear repetition, was recorded by Whittier in a beautiful poem. On 
the second morning, Agassiz rose from the breakfast table and s| 
of his purpose in calling us together. The swallows flew in and ou 
of the building in the soft June air. Some of them grazed 
shoulder as he dwelt with intense earnestness on the needs of t 
people for truer education—needs that could be met by the trai 
ing and consecration of devoted teachers. This was to him no ordi- 
nary school, he said, still less a mere summer’s outing, but a mis 
sionary work of the highest importance. 

A deep religious feeling permeated his whole discourse, for 1 
each natural object he saw ‘‘a thought of God’’ which the student 
may search out and think over again. But no reporter took down 
his words, and no one could eall back the charm of his manner or 
the impressiveness of his zeal. At the end he said, with a somewhat 
foreign phrasing, ‘‘I would not have any one to pray for me now,” 
adding, when he realized our failure to grasp his meaning, that eac! 
would ‘‘frame his own prayer in silence.’’ 


; 


~ 


Even the careless heart was moved,? 
And the doubting gave assent 

With a gesture reverent 

To the Master well beloved. 


2 From ‘‘The Prayer of Agassiz,’’ by J. G. Whittier. 
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As thin mists are glorified 

By the light they can not hide, 
All who gazed upon him saw, 
Through its veil of tender awe, 


How his face was still uplit 

By the old sweet look of it, 
Hopeful, trusting, full of cheer 
And the love that casts out fear. 


Two or three minor incidents described in my notes may be 
worth reealling. One evening we organized the Agassiz Natural 


History Society. Agassiz himself attended the first meeting, which 


in true American fashion was filled with discussions of constitu- 
tions and by-laws, constitutional amendments and election of offi- 
cers. As he sat through our proceedings, he grew more and more 
uneasy; the business of a Natural History Society, he felt, was 
natural history, not constitution-making. So he explained how he 
had helped launch the great French Association for the Advance- 
ment of Science without a constitution or elected officers. The 
members having come together quietly, the youngest of all, without 
previous agreement, walked up, took the chair and ealled the meet- 
ing to order. ‘‘That impudent young rascal was I,’’ said he, 
laughingly. 

Another iime Bicknell brought out his new stereopticon, and 
images of minute life, little jellyfishes, crustaceans and sea-worms 
were thrown upon the screen. The shapes and antics of some of 
these, immensely magnified, were very funny. Wishing to point out 
a notable feature—that is, the circulation of the blood corpuscles 
in the veins of a tadpole’s tail—Agassiz approached the screen and 
in so doing stepped into the beam of light, when instantly his sil- 
houette was cast upon the broad white surface with startling effect. 

“It seemed to shadow forth,’’ said Garman, ‘‘that distant day 
when future students of nature, looking back, shall see the figure 
of Louis Agassiz standing alone and majestic against an unoccupied 
background of American science.’’ 

One morning I heard Agassiz calling: ‘‘Mr. Jordan, Mr. Jordan, 
will you come and look at this!’’ It was a patch of grass thickly 
studded with mushrooms which had developed over night. ‘‘How 
did this happen ?’’ he asked. 

Looking about I found a place to the windward where the turf 
had been dug up. Apparently, therefore, loose dirt blown by the 
wind had borne and deposited many mushroom spores amid the 
grass. This conclusion we verified by discovering another excava- 
tion with its corresponding patch of fungi. I then explored the 
whole island, finding a mere half-dozen scattered individuals. It 
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thus seemed certain that spores could escape in abundance only }, 
a fresh breaking of the turf. ) 

The last letter I received from Agassiz (November, 1873) was 
an appeal to study the development of the eggs of the Gar Pike 
(Lepidosteus) abundant in rivers of Wisconsin, where I was teac! 
ing. Lepidosteus was of particular interest to him; at Penikese }, 
had told me with zest how Cuvier showed him a precious specime, 
of this creature of reptilian affinity strongly resembling the ext, 
bony-sealed ganoids on which he himself was working. Moved by 
the interesting possibilities, Cuvier then gave him two scales for 
microscopic examination, and to Agassiz’s delight he found these 
diamond-shaped and enamelled—to be formed exactly like those of 
some of his fossils. 


Agassiz’s talks at Penikese covered a wide range of subjects 
the European naturalists, the history of geology, the glacial system, 
methods of teaching. From my notebooks I have culled a few of 
his sayings, mostly unpublished, just as I wrote them down 


Never be afraid to say ‘‘I do not know.’’ 

Strive to interpret what really exists. 

I feel more vexed at impropriety in a scientific laboratory than ir 
church. The study of nature is intercourse with the Highest Mind. You 
should never trifle with Nature. At the lowest, her works are the works of 
the highest powers, the highest something in the universe in whatever way we 
look at it. 

I have been criticised in Europe as one who derives his scientific ideas from 
the church. I have been regarded in America as an infidel, because I will not 
be dictated to. I will not suffer my church-going friends to pat me \ 
head. 

Have with traditional belief and dogmatic science nothing to do. Scrape 
it off. If we are weak let us humbly fall back for support on tradition ar 
belief. If we are strong let us see what there is outside of these. 

Never try to teach what you yourself do not know, and know well. 
your school board insists on your teaching anything and everything, declir 
firmly to do it. It is an imposition alike on pupils and teacher to teach that 
which he does not know. Those teachers who are strong enough should squarely 
refuse to do such work. This much-needed reform is already beginning in our 
colleges, and I hope it will continue. It is a relic of medieval times, this idea 
of ‘‘professing’’ everything. When teachers begin to decline work which they 
can not do well, improvements begin to come in. If one will be a successful 
teacher, he must firmly refuse work which he can not do successfully. 

It is a false idea to suppose that everybody is competent to learn or to 
teach everything. Would our great artists have succeeded equally well in Greek 
or calculus? A smattering of everything is worth little. It is a fallacy t 
suppose that an encyclopedic knowledge is desirable. The mind is made strong 
not through much learning, but by the thorough possession of something. 

Lay aside all conceit. Learn to read the book of nature for yourself 
Those who have succeeded best have followed for years some slim thread which 
has once in a while broadened out and disclosed some treasure worth a life 
long search. 
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A man can not be a professor of zoology on one day, and of chemistry on 
the next, and do good work in both. As in a concert all are musicians—one 
plays one instrument, and one another, but none all in perfection. 

You can not do without one specialty; you must have some base-line to 
measure the work and attainments of others. For a general view of the sub 


ject, study the history of the sciences. Broad knowledge of all nature has 


been the possession of no naturalist except Humboldt, and general relations 
constituted his specialty. 

Select such subjects that your pupils can not walk without seeing them. 
Train your pupils to be observers, and have them provided with the specimens 
about which you speak. If you can find nothing better, take a house-fly or a 
cricket, and let each hold a specimen and examine it as you talk. 

In 1847 I gave an address at Newton, Massachusetts, before a Teachers’ 
Institute conducted by Horace Mann. My subject was grasshoppers. I passed 
around a large jar of these insects, and made every teacher take one and hold 
it while I was speaking. If any one dropped the insect, I stopped till he picked 
it up. This was at that time a great innuvation and excited much laughter 
and derision. There can be no true progress in the teaching of natural science 
until such methods become general. 

There is no part of the country where, in the summer, you can not get a 
sufficient supply of the best specimens. Take your text from the brooks, not 
from the book-sellers. It is better to have a few forms well known than to 
teach a little about many hundred species. Better a dozen specimens thor 
oughly studied as the result of the first year’s work than to have two thou- 
sand dollars’ worth of shells and corals bought from a curiosity shop. The 
dozen animals would be your own. 

Teach your pupils to bring in their specimens themselves, and above all 
teach them how to handle them. The earlier this training is begun the better. 
There is not one person in fifty who knows how to handle a valuable specimen 
without injuring it, and not one in ten who will submit to being taught. 

Talk about your specimens and try to make the pupils observe the most 
striking and telling features. When you collect a specimen, be sure and find 
out what it is, or if you have not the means at hand, take such notes as will 
help you to find its name when you have opportunity. Better let a specimen 
go without a name than to give it a wrong one. 

There should be a little museum in every school-room; a half-dozen Radi- 
ates, a few shells, a hundred insects and a few fish, reptiles, birds and mam- 
mals would be sufficient to teach well. De Candolle, the great botanist, once 
said that he could teach all he knew about botany with a dozen plants. 

If you study nature in books, when you go out-of-doors you can not find 
her. 

The book of nature is always open. All that I can write or say shall be 
to make them study that book and not pin their faith to any other. 

This is the charm of study from Nature herself; she brings us back to 
absolute truth whenever we wander. 
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THE WORLD AND ART OF THE ANCIENT 
CAVE MEN 


By Professor HAROLD O. WHITNALL 
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THE world is much interested in the wondrous works of art that 
have been found in the tomb of Egypt’s Pharaoh, Tut-ankh-Amer 
Millions have read of the lavishness of the display, and its super} 
artistry has sent thrills through all lovers of the beautiful. . 

Such a discovery reacts in many ways on many minds. Som 
think of it only in pounds sterling or the American dollar. Thos: 
of a more artistic temperament or of finer sensibilities revel in the 
beauty of design and marvelous workmanship. The very antiquit) 
of the tomb and its contents appeals most strongly to some, while 
others are thrown into a philosophical mood and exclaim with th: 
preacher: ‘‘ Vanity of vanities, all is vanity.”’ 

In the light of modern science Tut-ankh-Amen is but a man of 
yesterday and the art that surrounded him is one that had a ver 
remote background. Man’s antiquity is great, far exceeding the 
views that were held fifty years ago. Then, the problem of the 
occupancy of the earth by man was debated in thousands of years, 
while now it is a question of how many hundreds of thousands of 
years have passed since his advent. 

The very ancient race that is our especial concern, a race pos 
sessing an unusually well-developed artistic sense, is known as the 
Cré-Magnon. It takes its name from a skeleton discovered many 
years ago in a cave in the valley of the Vézére, a tributary of th 
Dordogne in France. The descriptive term ‘‘very ancient’’ must 
not lead us to expect that our kith to be described are representa- 
tives of earliest man. It is generally agreed that Cré-Magnon tril 
lived in Europe in late Paleolithic time, a period estimated to be 
from 20,000 to 25,000 years ago, three or four times as ancient as 
the Egyptians or Babylonians of the dawn of history, but seve! 
hundreds of thousands of years nearer to us than our primordia! 
ancestors. 

Europe was inhabited long before the coming of the ‘ 
Magnons by several different human races. Indeed, if the estimat 
of geologists are correct and the geological positions of these 
pre-Cré-Magnon remains have been rightly determined, man lived 
in Europe nearly a half million years ago. Hence the Cré-Magnons 
were comparatively recent migrants to the soil of Europe. 
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They were the artists par excellence of prehistoric time. Their 
mural paintings and parietal engravings that embellish scores of 
cavern walls in southwestern Europe are among the wonders of the 
world. To understand this art and fully to appreciate it, it is 
necessary to describe Cré-Magnon men, their habits, habitats and 
the scenes on which they looked. 

Their physical type was superb. They were a tall race, stand- 
ing well over six feet. The aboriginal races of Europe must have 
considered these immigrants as giants, even as the children of Israel 
thought of the sons of Anak. Besides their height, their broad 
shoulders, deep chests, slender, long and muscular limbs, with noble 
head well balanced on stocky but not bull-like neck, gave them a 
most stately bearing. The face approached the Caucasian type, 
although the projecting upper teeth and the prominent cheek bones 
spoiled what we would call ‘‘their good looks.’’ Their physique, 
their cranial capacity and cast of countenance as restored through 
a study of their skeletal remains, compel us to regard them as one 
of the finest types that the world has ever seen. This estimate is 
augmented by the art they have left. Because of its great antiquity 
and the difficulties that environed the artists in its execution Cré- 
Magnon art is one of the most marvelous manifestations of man’s 
artistic sense that has been found. 

Thanks to the indefatigable labors of a small group of European 
scientists, who have slowly and carefully gathered scattered bits of 
evidence of the times in which Cré-Magnon man lived and who have 
patiently pieced together these bits of testimony, it is possible to 
build from them a mosaic, which, although containing gaps and 
breaks, here and there, is in the main a true picture of those re- 
mote days. 

The Europe of that time presented a very different aspect from 
that of to-day. When the Cré-Magnon artists were drawing and 
painting pictures on stony walls in the gloomy recesses of caverns 
and Cré-Magnon hunters were stalking their quarry, Scandinavia 
was covered with an ice sheet which extended southward over the 
Baltie depression and rested its icy feet on the lowlands of northern 
Europe; the Alpine glaciers were much more extended than now 
and, from the high Pyrenees, ice-tongues crept slowly down towards 
the plains. In southern France, which seems to have been the 
center of Cré-Magnon culture, the air was chilled by the icy breath 
of the frozen north, while the less extensive ice areas to the east and 
south contributed no small amount of cold winds. The effect of 
such a bleak climate, with seasons of nipping chills, compelled men 
to leave open camps and to take refuge in the shelter of overhang- 
ing ledges or in the more protected caverns. Thus it was that Cro- 
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Magnon man passed a great part of his existence as a troglodyte. 

Because of certain popular fallacies that concern the life of 
ancient man the temptation comes to parenthesize a paragraph and 
state that caves were not the first dwelling-places of mankind 
Earliest men were children of the open spaces, dwelling along river 
banks or in park-lands, and it was only when compelled by advers: 
climates that they entered caves which afforded immunity from th; 
raw winds and freezing cold. Again there is a current misconcep. 
tion that the men living during the glacial periods were dwellers 
near or even on the ice itself. Kipling is guilty of this fallacy when 
he writes of Ung, the Maker of Pictures: 


Straight on that glittering ice-field, by the caves of the lost Dord 
Ung, a maker of pictures, fell to his scribbling on bone. 


Now the fact of the matter is that the inhabitants of the Dor. 
dogne caves were 600 miles from the great Scandinavian ice-sheet 
200 miles from the Alpine cap, and at least 150 miles north of t! 
small glaciers that lay in the higher valleys of the Pyrenees. It is 
probable that the bulk of the population had never seen ice-fields, 
although it is quite possible that legends were common of the great 
hard white ocean that lay on the confines of their world. The eff 
of the extensive frozen solitudes was keenly felt, but the cause was 
unseen and unknown. 

Finally, it must be understood that the climates of the region 
in which these ancient artists lived were not uniform. Throughout 
the thousands of years of Cré-Magnon domination not only season- 
able climates prevailed, but secular changes were also in process 
The great climatic pendulum swung back and forth through the 
millenniums not with a steady movement but with periodic inequa! 
ity. Furthermore, the are through which it passed was short; never 
did the mean temperature rise to the present warmth of the region 
nor did it sink to arctic cold. 

The fluctuations, however, were sufficient to permit at leas 
three types of geographical features with their accompanying an 
mal life. It is of importance to understand these climatic stages, 
for they, of course, dictated the fauna of those times. The know!- 
edge of the mammalian life that was associated with Cré-Magn 
man throws much light upon his own life and habits. Primarily, 
he was a hunter and his very existence depended upon the chas' 
Again, a knowledge of the animals gives testimony as to the vege- 
tation and its distribution. Thus acquaintance with the climate, 
animals and plants enables one to have a vivid picture of thos 
far-off days. 

The culmination of Cré-Magnon art appears in the engravings 
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and monochromes and polychromes which were painted during the 
closing stages of the Cré-Magnon period. For thousands of years 
previously these savages had been engravers and sculptors both in 
the round and in bas-relief work; but most of their work had been 
done on portable objects as bone, ivory, horn and pieces of stone. 
It seems, therefore, that painting, which many art critics maintain 
is the apogee of all art, developed as a natural sequence in a race 
that was peculiarly sensitive to the artistic impulse. The high tide 
of art came in the final cultural phase of the race. This stage is 
snown among prehistoric archeologists as the Magdalenian, so called 
from the type station, the cave of La Madeleine, on the Vézére. It 
is in the parietal engraving and paintings of these times that our 
chief interest lies. 

This Magdalenian phase had three types of climate. Ushered in 
by a severe, cold, moist climate, tundra conditions were widespread 
over Europe, and the reindeer, mammoth, woolly rhinoceros and 
musk-ox grazed and browsed over a wide territory. So intense was 
the cold in southwestern Europe that even the musk-ox, that shaggy 
beast of the snow-fields, wandered as far south as the Pyrenees. 

The climatic pendulum swung again. It still remained cold, but 
less moisture was in the air. Strong dry winds swept over the land, 
bringing clouds of dust which settled as a great blanket and remains 
even now as a geologic reminder of those great dust blizzards. 
This semi-aridity considerably diminished and changed the food 
supply of the animals. The dwarfed but widespread vegetation of 
the tundra wastes could not maintain its foothold generally; only 
along the margins of lakes and rivers and depressed swampy places 
did it persist. Great areas took on the character of cold steppe- 
lands. On such plains and hills the vegetation of spring and early 
summer soon became parched and offered but a precarious pas- 
turage to grazing animals. The only animals that could survive in 
such regions were those that could exist on scant vegetation and 
that were fleet of foot. Representatives of such animals were the 
saiga antelope and a horse closely allied to the wild desert horse 
of Asia. 

These and smaller mammals became quite abundant in western 
Europe during this period, and their bones are mingled with those 
of the tundra animals on many a charred hearthstone of Magda- 
lenian time. For, although the semi-aridity must have driven out 
a large number of the tundra forms, a great proportion of them 
found sustenance along the grassy margins of the waterways and 
other favored spots. 

The last stage of Magdalenian times was characterized by a 
moist and continually moderating climate. The steppe fauna dis- 
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appeared early and was followed by the gradual withdrawa| 
towards the ever-retreating ice front, of the tundra a 
Slowly, great forests, park-lands and meadows developed over 
Europe, and with them came the life of woodlands and suceylen: 
meadows. Typical of the meadow animals were the bison and y 
cattle, while the forests became stocked with red-deer, st: 

wild boars and other denizens of the woods. 

Such were the types of climate during the centuries in whi 
Magdalenian men of the Cré-Magnon race made their pictures 
the walls of dark caverns. As we try to reconstruct the scenes o 
which the eyes of these ancient people rested we must be carefu 
to let the term tundra create an image of the illimitable leagues , 
the moss- and lichen-covered plains of northern Canada. N 
should the name steppe merely call to mind the great monoton 
plains of southeastern Europe or northern Asia. For both thes 
type regions suggest thousands of leagues of level stretches, broken 
only by gentle ridges rolled on one another in monotonous torpor 

Tundra and steppe conditions were present but on a n 
smaller scale. Southwestern Europe was, as regards the general 
tures of the topography, the same then as now. The Garonn 
the Dordogne, of France, and the Tagus, Ebro and Douro, of S; 
flowed as they do now through rocky gorges in their upper re: 
and meandered across wider valleys as they approached the s 
Minor changes have of course come; most of the streams have de 
ened their valleys somewhat; many of the rocky ridges have been 
softened, and the hand of modern man has here and there produced 
considerable change. On the whole the contour of the land is) 
so different that it could not be recognized by those ancient 
habitants could they but see it. Climate does not always produ 
profound changes of the form of the earth but clothes ‘t in vari 
costumes. 

Nor was the sequence of the seasons different. Spring, sum! 
autumn and winter came to those ancient hunters as they com 
the present peasants of the valleys and hills. In summer it w 
land of sound, birds sang, insects hummed and the croaks of t 
amphibians rose from the marshes. Streams babbled and splas! 
their way to the sea and the summer winds produced the world-old 
whispers of the leaves. In winter it was a land of silence, bro! 
only by booms from ice cracks, the crunching herds of winter a1 
mals on the crusty snow and the weird cries of winter birds 

In such a familiar world lived our ancient race, familiar 
yet not altogether so, for of his animal associates few species 
survived. Types of many of them still persist, but some hav 
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of these men, for they supplied them food and clothes and bone 
implements. They were also the models of the artists, for the Cré- 
Magnon engraving and painting was confined almost exclusively to 
animal types. 

We have glimpsed his hunting grounds; let us look at his habita- 
tions. Magdalenian man roamed over a large territory. So far, 
evidence of his presence has been found in Spain, France, Belgium, 
Germany, Switzerland, pre-war Austria and perhaps England. 
Although no proven Magdalenian stations have been found in Eng- 
land, there is no good reason why they should not be discovered 
there, for there was a land communication between France and 
England at the beginning of Magdalenian time. Whether this per- 
sisted throughout the entire time phase is not yet proven. 

France was the center of Cré-Magnon population, and it was 
there and in the adjoining Pyrenees of Spain that his art rose to 
its highest expression. There are two regions, both in southern 
France, that were apparently highly favorable to the life of the 
Cré-Magnon Magdalenians. One was not far from the present 
Spanish frontier, along the head waters of the Garonne and its 
tributaries; the other was in Dordogne, along, or near, the valley 


of the Vézére, near its point of juncture with the Dordogne in a 
locality which takes its name from Les Eyzies. In the Les Eyzies 


district at least twenty caves and shelters have been found that 
contain Paleolithic remains, and in many of these mural paintings 
and parietal engraving occur. 

There were many things that caused the Dordogne and adjoin- 
ing regions to be favored by these ancient hunting tribes. Perhaps 
the most potent influence was the climate. It was not an ideal one, 
that is, not one that primitive man would have deliberately chosen ; 
yet its very coldness was, had he but realized it, the spur that drove 
him on to better things. ‘‘Progress, adjust and adapt, or be de- 
stroyed’’ was the challenge that the cold long winters and chilling 
blasts brought to the European savage. He met that challenge and 
moved onward mentally and spiritually. It has always been thus. 
Man has met the bludgeon blows and rapier thrusts of nature and 
in so doing has learned to a great extent how to parry and over- 
come. He is ‘‘nature’s insurgent son’’; it is only where nature is 
kind that man remains nature’s child. 

Another feature of the environment that gave strength and well- 
being to the Dordogne tribes was the varied and abundant game, 
especially the large quadrupeds whose pictures adorn so many 
cavern walls. To those meat-eating savages these animals were the 
staff of life’’; without them they would have perished or else eked 
out a miserable existence from wild fruit, roots and an occasional 
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meal of fish, Then again the use of the animals’ skins played a 
large part in their lives, enabling them to withstand the rigors of 
long and often severe winters. 

But even with the abundant food supply and its important by- 
product of clothing it is difficult to imagine the population exist ine 
without shelters to shield them from the icy blasts of winter. The, 
might have struggled through the cold seasons by living in skin 
tents as the Indians of northern Canada do, but such insufficien: 
shelter would have lowered the vitality of the race and impoy- 
erished their mentality to such an extent that they would hay 
degenerated, as the Terra del Fuegians have, to a state where life 
is only food and sleep and the instinctive rearing of children. This 
degeneracy they escaped because the geological forces of the past 
had grooved the hills with rock shelters and honeyeombed the cliff 
and rocky hillsides with caves. Thus, all things considered, it 
a congenial region, furnishing plenty of food and clothing a 
homes that answered to their every need. 

In all the Dordogne region the lower valley of the Vézére 
best fitted for the dwelling-place of these savage troglodytes. In 
this region the Vézére flows through an old incised meander carved 
throughout the ages in limestone rocks. It is an extremely pictur 
esque region. The river winds in long stately loops through a val- 
ley in which lie level and fertile meadows. On each side rise the 
limestone cliffs, sometimes abruptly for many feet. At other places 
their sheer sides are notched with broad ledges. Here and there the 
ledges extend inward and are overhung with massive rocks. These 
lateral flutings into the sides of the cliffs are the rock shelters, or, 
as the French called them, the abris. These shelters may be only 
overhanging cliffs, or they may extend inward and form grottoes 
Occasionally they may be entrances to extensive caves. From the 
evidence at hand it seems probable that the shelters and the grot- 
toes were the real homes and that the caves were only entered by 
the artist guild. 

The cliffs are very striking features of the landscape, for their 
steep sides prevent the growth of all but the scantiest vegetation 
Here and there a ledge, on which the talus material lies thick, offers 
a foothold for clumps of trees. The summits of the cliffs are well 
wooded. The picture that is presented in the summer time is most 
charming. The level valley with its fields of varied green tints, 
with the clear, strong, yet quiet river forms the foreground. From 
the outer bends in the river rise the light-colored rock walls, their 
barren sides colored here and there with hues of jade and emerald, 
their summits clothed with deep green woods. 

Let the fairy godmother of time wave her wand over the region 
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and bring back scenes long gone by. Tundra conditions prevail. 
The general topography is the same, the river flats are ablaze with 
brilliant flowers growing in the scrubby vegetation of the hot but 
short summer. Herds of reindeer dot the plain. At times an ibex 
or chamois, driven from alpine solitudes by the all-embracing ice- 
sheet, walks with sure step along the rocky ledges. A half dozen 
stalwart savages climb fleet-footed up to a shelter under an over- 
hanging rock and with much gesticulation tell the group that re- 
eeives them of herds of mammoth they have seen to the west. The 
hunters arm themselves with crude stone weapons and arrows and 
depart to capture, by direct attack or by pitfall, one of those great 
quadrupeds. Their hunt is highly successful, for they not only kill 
a mammoth but drive a woolly rhinoceros into mucky ground lying 
along the margin of the river and kill it while it struggles helplessly. 
The magic wand of time is waved again. This time steppe con- 
ditions occur. It is late summer; the valley is bare of grass save 
along the river margins. There, nervously grazing, raising their 
heads constantly to ‘‘get the wind,’’ were small groups of horses 
and slim-limbed antelopes. The Cré-Magnons look down upon them 
from their rocky ledges and whisper plans of surprising them, for 
these were the most difficult animals to hunt that the tribes knew. 
Once more the wand describes a circle. Again it is summer, and 
the landseape presents almost the same view as now. The river 
flats are green and the cliffs shine white in the warm sunlight. The 
bare rocks are ribboned and crowned with green. Far down the 
valley the meadow is broken by woodlands. In the forests of the 
plains and hills live the red-deer, moose, stag and wild boar. At 
night the sleepers on the cliffs are awakened by the how! of wolves, 
and eave-bears blundering on the ledge above loose a shower of 
stones which rattle down the cliffs. The Magdalenians arise from 
their skin-blankets and heap on some more firewood, for they know 
that the ‘‘red-god’’ is feared by these wild prowlers of the night. 
Since 1828 when Tournal demonstrated the association of man 
with extinct animals of the glacial period in the grotto of Bize 
(France), dwelling-places of the men of the old stone age have been 
found by the hundreds. In many of them lived at one time or 
another men of the Cré-Magnon race. It must not be presumed, 
however, that every home was decorated by the tribal artists. These 
men of Magdalenian days were predominantly hunters and art was 
but the avocation of a few. Indeed, it appears that their art gal- 
leries and studios were things apart from their homes, for much of 
the best work was done in the deeper recesses of the caverns in 
places that were far removed from the family hearths. 
Whistler, in his ‘‘Ten o’clock,’’ describes the first artist as: 


, 
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‘‘This man who took no joy in the ways of his brethren—who car 
not for conquest and fretted in the field—this deviser of the beaut. 
ful who perceived in nature about him curious curvings, as fa 
seen in the fire—this dreamer apart, was the first artist.’’ 

Kipling voices the same sentiment when he makes the father , 
Ung say to his artist son: 


‘*Thou hast not toiled at the fishing when the sodden trammels freez 
Nor worked the war boats outward, through the rush of the rock-sta 
Yet they bring thee fish and plunder—full meal and an easy bed 
And all for the sake of thy pictures.’’ And Ung held down his h 


‘*Thou hast not stood to the aurochs when the red snow reeks of the { 
Men have no time at the houghing to count his curls aright: 
And the heart of the hairy mammoth thou sayest they do not see, 
Yet they save it whole from the beaches and broil the best for th 


No one who has ever seen the animated and spirited figures t} 
adorn sO many cavern walls can believe that the men that drew 
them were anemic ‘‘stay-at-homes’’ and obtained their experie: 
and feeling from the mere sight of the carcass which their bolder 
brothers had dragged into the shelter to be eut up, skinned and 
roasted, nor even that their knowledge was derived from a hunt i 
which they had no part. Indeed, quite the contrary impressi 
gained. The hands that drew the animals must have often stru 
the fatal blow, and the minds that created the pictures might w 
be the same ones that had many times skilfully trailed the qu 
and driven it into hidden pits or miry ground. 

From the many caverns that cont. in engravings and pictur 
there are two especially well known which will serve to introd 
the art of the cave-men. One is the cavern of Font de Gaume i1 
district of Les Eyzies, the other the cave of Altamira, in t! 
tabrian Pyrenees of northern Spain. Inasmuch as it was at 
latter place that the discovery of paleolithic paintings was 
made it will be considered first. 

The cave of Altamira is not far from the city of Santa 
The discovery of the cave and its contents was due to two very 
innocent parties, a dog and a child. Long ago the entrance to th 
eave had been sealed by a landslip and its existence was unknown 
until a hunter and his dog passed that way. The dog, in running 
a fox to ground, widened the burrow and showed the hunter that 
led to a cave. Years afterward, a Spaniard, Marcelino de Sautuo! 
who owned the estate in which the cave was situated, became inte! 
ested in the crude man-made flints which he had found in ¢! 
cavern débris. 

One day, accompanied by his little daughter, he was seeking 10! 
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implements in a portion of the cave where the limestone roof came 
within a few feet of the floor. The child, able to stand upright 
without bumping her head, wandered aimlessly about while her 
father searched the cave earth for specimens. Suddenly she eried 
out: ‘‘The bulls! The bulls!’’ Her father looked to where her 
finger pointed and saw a marvelous sight. Painted and engraved 
on the ceiling was a conglomeration of animals, deer, horses. wild 
boars and bison, the latter greatly predominating. 

The world gasped when Lord Carnarvon entered the inner 
chamber of Tut-ankh-Amen’s tomb and gazed on objects which no 
human eye had looked upon for nearly 4,000 years. But to this 
little daughter of Spain was given the privilege of looking at an 
art that had been concealed for four times that stretch of years. 

Cartailhac and Breuil, the eminent European archeologists, say 
that these pictures ‘‘place the old painters of the glyptie ages far 
above the anima! painters of all the civilizations of the classic East 
and Greece.’’ No matter how much art critics may quarrel over 
this statement, the fact remains that the ceiling of the Altamira 
must always be a shrine to artists who are modest enough to believe 
that all art did not originate with them. 

Looking at the ceiling as a whole several salient features appear. 
There is no attempt made at grouping. It can not be called a piec- 
ture; it is rather a collection of pictures painted on the same rock 
canvas. The figures are not all completed. Here and there appear 
head profiles and body contours which were started but never fin- 
ished. It is like a sketch book of an erratic artist. Another inter- 
esting feature is that some engravings have been superimposed on 
others. Perhaps the most striking thing, aside from the pictures 
themselves, is the use to which the artists put the uneven surface 
of the stone roof. The ceiling is studded with protuberances of 
limestone. The artists cleverly seized upon this feature to enhance 
the life-like appearance of their representation of the animals. 
Many of these bosses were oval and presented an excellent back- 
ground on which to paint bison in a recumbent position. 

A brief description of a few of the better executed animals is 
all that can be given. Of the bison we will select three. One is 
painted in black. The outline is perfect. The whole figure is cov- 
ered with black pigment toned in such a way that the effect of 
relief is excellent. The legs are well drawn and in good propor- 
tion. There is even an attempt at shading so as to give the appear- 
ance of its shadow being cast on the wall behind it. It stands 
erect straining on its hind legs. Another bison is shown lying 
down with its head turned backward, an unusual posture in primi- 
tive drawings and one which is difficult to do well. The head and 
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rump are placed on protruding knobs of stone which accentuates 
the relief. The color use is not natural, as it is of a brilliant red 
shade. The chef d’oeuvre of the cavern is a bison over five feet 
long. It stands erect with head lowered slightly. The coloring js 
superb. The contours are mostly in black, while the body is filled 
in with red beautifully toned. Patches of black appear on the body 
not for shading purposes but to show the different color of the hair 
Four shades of color are blended in this animal, and thus it repr 
sents the acme of polychrome art. Its perfection is, however 
marred by the awkwardness of the fore-limbs. They are in good 
proportion, but the hoofs are placed sidewise instead of pointing 
forward. 

Of the other animals the best representation is that of a wild 
boar. This also is five feet in length. It is in rapid motion and 
a vivid picture of the woodland boar leaping forward in full! flight 
The body is painted in light pearl-gray, with the outline sketched 
brokenly in black. The belly is tinted a delicate flesh color and 
shadings of black appear on the head and rump. The typical 
curled tail of the animal is well executed. 

There is also a very fine engraving of a stag at Altamira. The 
lines are very finely drawn and one has to be rather close to it to 
see it at all. The fore-legs are correctly but rather weakly sketched, 
and the lines of the hind quarter are not complete. The pose is ex 
cellent and the long backward sweep of the antlers magnificent 
The horses that are represented are rather incomplete and are not 
to be compared with the other animals. 

The greatest art gallery of Paleolithic time that has yet been 
found is in the cave of Font-de-Gaume in the district of Les Eyzies 
in the Dordogne region. It lies well up on the side of a smal! valley 
where it joins the valley of the Beune. The limestone cliffs are 
sheer and bare, and deeply lined joint planes give them the appear- 
ance of great blocks. There is a long gallery that extends inward to 
a distance of nearly 500 feet. The vestibule and the first part of 
the corridor contain nothing of importance. At a distance of about 
75 feet the rock walls begin to close in on one another until but a 
narrow passage separates them. After the visitor has brushed by 
the stalagmitic obstructions the picture galleries begin. Two 
painted bison stand guard at the entrance to the pictured halls. A 
little farther on is the Grande Galerie des Fresques which contains 
processions of bison and mammoths. Reindeer are also plentiful 
There is one place where two reindeer are drawn facing one another, 
which may be an accident or may represent a composition. If the 
latter, it is an unusual feature of Paleolithic art. | 

A striking characteristic of these frescoes, but one which is quite 
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common in cave painting, is the superposition of animals on other 
animals. Take the fresco of mammoths, for example. The first 
impression is that mammoths alone are represented, but closer in- 
spection shows that the mammoths are drawn over other paintings. 
In one case a Mammoth overlies the drawing of a reindeer which is 
in turn painted on a bison. In some cases such figures have been 
blended together so by the fading colors that it is difficult to define 
each one clearly. The artists that did the work of superposition 
should not be too severely criticized, for in most cases they drew the 
more recent pictures on a smaller scale and thus retained the out- 
lines, at least, of the earlier paintings. There has been much specu- 
lation as to why this method was pursued. ‘The simplest reason 
seems the best. There was just so much wall space that was fitted 
for their art. Hence the late-comers were forced to use the same 
canvas. True artists as they were they preserved as much of the 
old art as possible by reducing instead of enlarging their own pic- 
tures, an appreciation and courtesy which later artists have not 
always shown. 

About half way between the narrow place previously mentioned 
and the end of the cavern a lateral gallery runs to the right at right 
angles to the main corridor. At its end is a little hall which con- 
tains nearly a dozen bison in polychrome. This little chamber also 
contains a most grotesque caricature of the human face. 

The cave of Font-de-Gaume contains the greatest variety of 
animals that has yet been found. Besides those mentioned are the 
eave bear, a lion, wolf, rhinoceros, wild boar and horses. To these 
animals must be added the human head, stencils of the human hand 
and lines that are supposed to represent huts. As was the case in 
the Altamire cave the bison predominate. It is of great interest to 
note the appearance here of the mammoth. Their great number 
means familiarity, which indicates that at one time, at least, the 
climate was quite sub-arctic. 

Another animal which bears testimony to the rigor of the climate 
is the woolly rhinoceros which is painted in red. This animal is 
fairly well drawn. The small eye and the characteristic horns are 
well shown, but the articulation of the limbs is poor. This is espe- 
cially true of the fore-feet, which are fused together, forming a 
stump. The artist makes use of a unique method in producing the 
contour of the body. This is accomplished by sketching parallel 
lines downward from the back and upward from the belly. 

The outlines of the mammoths are all well done, as are also the 
heads. The bodies, however, leave much to be desired. This is 
probably due to the difficulty in depicting the long shaggy coat 
which concealed much of the body contour. This coat, however, is 
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always indicated by a fringe of fine lines that are drawn on thy 
body a short distance from the belly line and hang down, concealing 
all but the stumpy appearance of the feet. 

The wolf is represented only by the head and neck. It is 
striking painting because of its treatment. The background eo; 
sists of a bright red color on which the outlines were drawn in black 
In the light east by torches the effect is startling. The wolf seems 
to leap out of a hidden recess. The collar of black fur along its 
neck is very effective. A bear is very poorly done, but its lac} 
form is partially atoned for by its spirited position. It is sta 
on its hind legs in a most realistic attitude. That these 
hunters knew the horse is attested to by four drawings, non 
them remarkable in technique. 

Before we leave the cave of Font-de-Gaume mention must b 
made of the reindeer, a favorite subject with the artists. It is said 
by some who have made a study of paleolithie painting in mar 
eaverns that the two deer that face one another constitut 
finest painting that primitive man made of these animals. Bot 
are painted in dull red, which is admirably toned to bring out t 
contours. The bodies, the antlers and pose are splendid, but th 
limbs are badly done. With the exception of the one on the rig 
the articulations are most obscure and even in this one the hind 
limbs are the only ones that show any attempt to indicate the plac 
of juncture with the body. 

We have briefly and most inadequately described some of th 
engravings and drawings of the best known caves of southwestert 
Europe. Several questions arise to which suggestive answers must 
be made. What materials did the cave-man use to paint his a! 
mals? Why did he seek the innermost recesses of dark and dar 
gerous caverns to ply his art? And finally why did he draw at all’ 

Fortunately, the caves themselves have yielded the answer to the 
first question. In them have been found his engraving tools, his 
colors already mixed, the flat bones he used for his palette, and his 
eanvas. All are there save his brushes. 

Without attempting to enumerate the paraphernalia of his art 
and to tell the localities where each bit of evidence was found, let 
us in fancy follow the ancient savage while he reproduces in quiet 
and dimness the animals that he had hunted with boisterous cries 
and shouts in the full sunlight of his native land. 

Two men enter the cave, one the master, the other the neophyte 
In their hands they carry stone lamps filled with tallow obtained 
from the very bones of the animals that are to be painted. In the 
tallow moss wicks burn, giving off a flickering but not an exce d- 
ingly smoky flame. They seek a place where the rock wall is suit- 
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able for their work. The first step is to wash the stone free from 
adhering clay and thus prepare the surface. The surface thus 
cleaned, the painter reaches into his artist’s kit-bag of deer skin 
and takes out a handful of small chipped-stone implements. He 
selects the coarser one to engrave the profile line on the softer lime- 
stone. When the outline has been made he takes a finer flint and 
draws fine lines where they are needed. Now he is ready for the 
coloring. Wrapped carefully in another bag are hollow bones filled 
with ocher, red, yellow and brown. Other bones contain black ear- 
bonaceous matter in powdered form, while still others contain white 
and dusty clay. But the bag is not emptied yet, for there still re- 
mains a mass of marrow fat. When this is extracted the master is 
ready to prepare his colors. On a flat shoulder bone of one of the 
larger mammals the dry powder from the bone tubes is mixed with 
the marrow to the desired consistency and shade. Now all is ready 
for the application. The youthful assistant holds the lamp so that 
the flickering rays fall full on the rock panel. The master stirs the 
thick mixture with a stick whose end has been chewed in shreds, or 
one tipped with feathers or even bristles of the wild-hog, or hair 
from the shaggy mammoth (no one knows), and with bold strokes 
begins his work. 

The questions why he chose the inner portions of the cavern and 
the motives that led him to paint at all are closely allied to one 
another. We will consider them together. 

Practically all the finest paintings are of animals that were used 
for food. The exceptions, such as the bear, lion, wolf and others, 
are, for the most part, poorly done. Aside from the wolf’s head at 
Font-de-Gaume, they are mere crude sketches. Again, many of the 
game animals are painted with arrows penetrating their bodies in 
the most vulnerable places, as the heart region. Other scenes sug- 
gest the multiplication of game and hence the continuation of the 
food supply. 

The importance of the game to these hunters can not be over- 
emphasized. Once a primitive people establish a certain diet, it is 
most difficult for them to depart from it. This is especially true 
when the game also supplies the household needs and even tools 
and weapons. Years ago a Sioux warrior said to an army officer 
stationed in a fort on the upper Missouri, ‘‘The buffalo is our 
friend. When he goes all is over with our people.’’ The truth of 
this statement is brought home to us by an enumeration of the 
things that the buffalo supplied. Besides food, it gave clothing, 
tents, blankets, beds, leather for lariats, hide for boats and a shroud 
for the death journey. Nor was this all; its horns were used for 
flasks and ornamental headgear and its teeth were often strung in 
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necklaces. Indeed, without this beast the Sioux would have be. n 
in a sad plight. 

An age-old custom and one which is still practiced among many 
primitive tribes of to-day is the practice of magic to ensure the 
obtaining of food. Whether the Magdalenians practiced such magic 
is of course not known. But the study of their pictures makes such 
interpretation as least possible. The wounded animals drawn on 
the dark cavern walls may have been so drawn that the powers oj 
magic would assist the hunter in bringing down his quarry. The 
same principle was exercised by the North American Indian who. 
as Frazer tells us, ‘‘believed that by drawing the picture of a per- 
son in sand or clay and then pricking it with a sharp stick or doing 
it any other injury they inflict a corresponding injury on the per. 
son represented. A similar superstition is indulged in to promot 
and increase the food supply. The females are spared as much as 
possible in the hunt and magic is resorted to by drawing pictures 
that bear upon the multiplication of game.’’ We can not escape the 
fact that such drawings are numerous in the Paleolithic caverns. 

It is a short step from magic to priestly rituals which rapidly 
became esoteric in character. This readily accounts for the use of 
the deepest and most inaccessible parts of the caverns for the loca- 
tions of shrines and magic manifestations. Reasonable as such con- 
jectures may be, there are some facts that raise objections to their 
complete acceptance. It may be that pictures were made on the 
shelter walls or just within the entrance and have since been ob- 
literated by weathering. Many caverns show indications of human 
occupancy near the entrance; hence the unusual condition of having 
home and temple under the same roof is encountered. Thus it ma) 
be that these ancient painters were merely artists for art’s sake. 

There are many other questions about the life and habits of our 
ancestors of the stone ages that come swarming to one’s mind. We 
ean never hope to obtain full answers to all of them, but when one 
considers the vast amount of reliable information that has been dis- 
covered, especially during the last twenty years, one must needs 
believe that other veils will be lifted which will admit us to further 


knowledge. 
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THE MARRIAGE OF KIN 


By PAUL POPENOE 


COACHELLA, CALIFORNIA 


Every now and then two healthy, happy young people announce 
that they intend to marry. Because they happen to be cousins, there 
is an immediate uproar among the relatives of the lovers. Gray 
heads are shaken ominously; the curse of Heaven is prophesied on 
the marriage. If the children resulting from it do not turn out to 
be feebleminded deaf-mutes, it is predicted that they will at least 
be marked by other evidences of degeneracy and defect, which will 
leave their presumptuous parents’ heads bowed in lifelong grief. 

In a good many cases, the aspiring lovers are frightened out of 
their intention. In more cases, they go ahead, with lovers’ usual 
indifference to advice, and marry. Thus there are probably few of 
the older American families in which at least one cousin marriage 
can not be found. 

In due time babies put in their appearance. Usually nothing 
is wrong with them; all the relatives agree that they are type speci- 
mens of infantile perfection, and the evils of cousin marriage are 
forgotten until the next proposed match is announced, when the 
old wives begin their clamor again. The prevalent opinion is em- 
bodied in legislation, which in more than a third of the states makes 
marriage between first cousins illegal. Oklahoma extends the pro- 
hibition to second cousins. 

A study of the customs of other peoples, past and present, shows 
that among most of them consanguineous marriage of near degree 
has been forbidden or regarded as undesirable; and in many in- 
stances the fear of resulting defective progeny seems to underlie 
the prohibition. The tabu may be carried to such excess as in 
China, where the marriage of two persons with the same surname 
is forbidden. 

On the other hand, it is not difficult to find instances where con- 
sanguineous marriage is common, even in the closer degrees which 
are now universally regarded by civilized people as incestuous and 
horrifying. Thus, among the ancient Hebrews, Sarah was Abra- 
ham’s half-sister, and Moses sprang from a marriage between a 
nephew and his paternal aunt, while even in the time of David a 
marriage between brother and half-sister was regarded as permis- 
sible (II Samuel 13:13), although it had been forbidden by the 
levitical code. 
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Neither Moses nor Isaac, products as they were of incestuous 
unions, can be described as a bad recommendation for the syste 
They were not marked by any ‘‘stigmata of degeneracy.’’ By 
the most extraordinary evidence as to the biological effect of ¢) 
marriage of kin is to be found in ancient Egypt, where matings 
between relatives of the closest degrees were both common and fas} 
ionable, and data on them are available during a period of at least 
2.000 years. 

Gods set the example, Osiris having married his sister Isis. 
Common people followed this example, but it is to the royal family, 
that one can turn for most satisfactory evidence, since conte: 
porary biographies and portraits of the rulers are available, ; 
in many eases the actual mummies of the individuals are extant f 
examination. The results of such an examination, made by the lat 
Sir Mare Armand Ruffer and published in his Studies in the Pal: 
pathology of Egypt, are of too much interest to be left buried ir 
pages seen only by a few special students. 

For royalty, consanguineous marriage was almost a necessity, 
due to the fact that thegne and property were inherited throug 
the woman—mother or wife—as legal head of the house; while on 
the other hand the man was charged with responsibility for tl. 
actual executive work that devolves upon a monarch. It was very 
doubtful, as W. Flinders Petrie says, ‘‘whether a king could reign, 
except as the husband of the heiress of the kingdom.’’ The only 
way, then, to keep the royal power in the family was for the nearest 
male descendant of the king to marry the heiress, who was likely 
to be his sister, This curious state of affairs is no doubt largel) 
responsible for the fact that in genealogies of the dynasties one 
brother-sister marriage after another is found, the list varied onl: 
by the oceasional introduction of a slightly more remote relative. 

The XVIII dynasty, which ruled Egypt in the sixteenth, fif- 
teenth and fourteenth centuries before Christ, probably represents 
as high a point as Egypt ever reached, and it is accordingly the one 
chosen by Dr. Ruffer for detailed study. It began when the Hyksos 
were driven out of the country. These hated invaders were nomads 
who had held Egypt for some 200 years: it was in their time that 
the Israelites settled in the Delta. Ahmose I, founder of the 
dynasty, drove the foreigners out of the kingdom and made it more 
secure against future invasion. Artistically, his reign is marked 
by commencement of restoration of the great architectural monu- 
ments of Upper Egypt. 

He married his sister; their son Ahmenhotep I extended the 
empire by reconquering Nubia, repelling the Libyans, and carrying 
an invasion of Syria as far as the Euphrates river. So much vener- 
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ated was he by the people that divine honors were paid to him for 
600 years after his death. 

He, too, married his sister. Their daughter Aahmes married 
her half-brother Thutmose I, who consolidated his father’s work in 
Nubia and Syria, and was a noted builder at home. 

The daughter of these two, Queen Hatshepsut I, married her 
half-brother Thutmose II; she overshadowed her husband and was 
the actual sovereign. She proved to be a wise ruler of far-reaching 
influence—the greatest queen of Egypt. 

She was succeeded by her nephew and stepson Thutmose ITI. 
This monarch’s character, says J. H. Breasted, ‘‘stands forth with 
more color and individuality than that of any king of early Egypt, 
except Akhnaton. We see the man of a tireless energy unknown 
in any Pharaoh, before or since; the man of versatility, designing 
exquisite vases in a moment of leisure ; the lynx-eyed administrator, 
who launched his armies upon Asia with one hand and with the 
other crushed the extortionate tax-gatherer. . . . His reign marks 
an epoch, not only in Egypt, but in the whole East as we know it 
in his age. . . . He built the first real empire, and is thus the first 
character possessed of universal aspects, the first world hero.’’ And 
he was the product of five unbroken generations of brother-sister 
marriage. 

This great king married his half-sister, and their son Amen- 
hotep II was a man of extraordinary physical strength, who claimed 
that none of his subjects could bend his bow. His reign was marked 
by energy and military success. He married Tiaa, whose pedigree 
is uncertain, although she has been called his half-sister. 

Their son, Thutmose IV, was an energetic lion-hunter in his 
youth and a successful leader in war after he ascended the throne. 
His marriage to a Babylonian princess resulted in a son, Amenhotep 
IIT, who succeeded to the throne. As there were no more kingdoms 
within easy reach to be conquered, his reign is marked by great 
development of the pursuits of peace—by expansion of commerce 
and patronage of the fine arts. He took a Syrian princess as his 
bride; their son Akhnaton, characterized by religious enthusiasm 
and a high moral standard, brought the dynasty to an end. 

Summarizing, Dr. Ruffer observes: ‘‘The characteristics of the 
XVIII dynasty were . . . tireless energy, which enabled Egypt to 
resist its foreign foes, to carry the Egyptian flag abroad, and to 
establish wise government at home; and an enlightened taste for 
the fine arts, most forcibly shown in the artistic reforms of Akhna- 
ton. In these nine generations, issued from consanguineous mar- 
riages, there is no-diminution of mental force. The energy charac- 


1 He was succeeded by his step-son, the well-advertised Tutankhamen. 
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teristic of Ahmose I is found 200 years afterward in Akhnaton. 
used, it is true, for different objects and higher ideals, but as intense 
in 1375-1358 as it was in 1580-1557 [B. C.].’’ 

Of the specifie evils popularly attributed to consanguineous mar. 
riage, one is infertility. Data are lacking to compare the fertilit, 
of the members of this dynasty with that of other families of th, 
same period, but it is certain that the fecundity of the royal fami]; 
was not below normal. 

Again, children born of consanguineous unions are sometin 
said to be short-lived. While the average duration of life in Egypt 
in that period is unknown, it is easy to ascertain the longevity | 
the male rulers of this dynasty. Eight of them show an average 
44 years, which is not bad, considering the stress to which a mili- 
tary ruler is subjected. 

The physical proportions of these rulers, as measured on their 
mummies, are good—many of them were men of notable strength 
‘There is no evidence to show that idiocy, deaf-mutism, or other 
diseases generally attributed to consanguineous marriage ever oc 
curred among the members of this dynasty, and as far as can be 
ascertained from mummified bodies, masks and statues, the features 
of both men and women were fine, distinguished and handsome.”’ 

‘*The result of this inquiry is that a royal family, in which con- 
sanguineous marriage was the rule, produced nine distinguished 
rulers, among whom were Ahmose, the liberator of his country; 
Thutmose III, one of the greatest conquerors and administrators 
that the world has ever seen; Amenhotep IV, the fearless religious 
reformer; the beloved queen Nefertari, who was placed among the 
gods after her death; Aahmes the beautiful queen, and Hatshepsut, 
the greatest queen of Egypt,’’ the dynasty ending in Akhnaton, 
who is credited with being the first monotheist and monogamist 
among the rulers of his country. ‘‘There is no evidence that the 
physical characteristics or mental power of the family were un- 
favorably influenced by the repeated consanguineous marriages.’ 

The kings and queens of the XIX dynasty, which followed, were 
probably lineal descendants of the foregoing. ‘‘Rameses II, the 
great historical figure of this dynasty, married two of his sisters, 
and had four children by the first and three, or possibly four, by 
the second. He is said to have married two of his daughters, but 
the evidence on this point is not conclusive. By other wives and 
concubines the king is said to have had 106 other sons and 47 daugh- 
ters, therefore this descendant of a long line of consanguineous 
marriages can not be said to have been infertile.’’ 

A thousand years later another dynasty, of wholly different 
race, offers additional striking evidence on the effects of the mar- 
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riage of near kin. This is the dynasty of the Ptolemies, founded 
after the death of Alexander the Great by his bold and patient gen- 
eral Ptolemy Soter. The first four kings of this series were not 
sprung from consanguineous marriages; it is, therefore, particu- 
larly useful to compare them with the later rulers, among whom 
brother-sister matings had become customary. 

The general reputation of the Ptolemies is of course bad: 
morally they were of the conventional type of Oriental despot, 
wicked and unscrupulous. But they were not weaklings: whatever 
their moral defects (for which environment must receive some 
credit, as well as heredity) they displayed abundant physical and 
mental energy. The direct line of the Ptolemies came to an end 
with the twelfth ruler of the dynasty, ‘‘not because the women had 
become barren, or the men unable to beget children, but because 
all the male descendants born in legitimate wedlock had been killed 
or exiled.’’ 

The sceptre was taken up by Auletes, an illegitimate son of 
Ptolemy X, and was finally laid down by his daughter Cleopatra 
VII, whose fame in history is sufficiently great, although not alto- 
gether spotless. It must be remembered, however, that public opin- 
ion as to her character has been based either on the accounts of her 
contemporary enemies, or on those of a long line of romancers, rang- 
ing in calibre from William Shakespeare and John Dryden down 
to the latest writer of vaudeville songs or ‘‘Sunday Supplement’’ 
thrillers. Nothing can be said against her character until she fell 
into the hands of two old roués, first Julius Caesar and later Mark 
Antony. She came to the throne a young girl, facing the impossible 
task of preserving her country and dynasty from the conquering 
power of Rome. Lacking military strength, she relied on blandish- 
ment and intrigue; and her amours with Caesar and Antonius must 
be regarded from this point of view among others. It is not neces- 
sary to attempt to whitewash the character of Cleopatra or that of 
any of her long line of incestuous ancestors, in order to establish 
the fact that, almost without exception, they demonstrated physical 
and mental energy, reasonably long life if they did not meet with 
violent death, and absence of the defects which popular prejudice 
attributes to consanguineous marriages of a much more remote 
degree than those here considered. Dr. Ruffer’s summary seems to 
me well balanced : 


The Ptolemies born from consanguineous unions were neither better nor 
worse than the first four kings of the same family issued from non-consan- 
guineous marriages, and had the same general characteristics. Their conduct 
of foreign affairs and internal administration was in every way remarkable 
and energetic. They were not unpopular in their capital, and the Alexandrians 
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rallied round their ruler when the Romans entered Egypt and resist 
foreigner. 

Though much has been written about the awful sexual immoralit 
Ptolemies . . . their standard of morality was certainly not lower th: 
their fellow-townsmen. 

The children from these incestuous marriages displayed no lack of 
energy. Both men and women were equally strong, intelligent, capa) 
wicked. Certain pathological characteristics doubtless ran through t 
Gout and obesity weighed heavily on the Ptolemies, but the tendency 
existed before the consanguineous unions had taken place. , 

The male and female effigies on coins are those of very stout, we! 
persons. The theory that the offspring of incestuous marriages is 
receives no confirmation from the history of the Ptolemies. . . . Omitting 
who died violent deaths, the average length of life of the Ptolemies | 
years. 

Sterility was not a result of these consanguineous marriages. N 
idiocy, deaf-mutism, etc., in Ptolemaic families has been reported. 


In these two noteworthy dynasties, close inbreeding was p: 
ticed on a larger scale, for a longer period of time, than in any ot 
cases known to me in detail in the human species. None of th 
results generally attributed to cousin marriages seems to be ma 
fested. The consequences more nearly recall the results ac! 
by live-stock breeders, who long ago discovered and applied th 


that close inbreeding is the foundation of all great breeds and { 


ilies of domestic animals. 

Scientifically, the effects of inbreeding are now well underst 
They represent merely the union of similar heredities; for instead 
of possessing wholly different inherited traits the two mates are, | 
virtue of their common ancestry, possessors to a greater degree t 
usual of the same inheritable units. 

Thus, if the ancestry of the two is good, their children will b 
benefited by receiving a double dose, so to speak, of certain good 
traits of their ancestors. When the parents are carefully select 
as by a live-stock breeder, who culls out all the animals with ! 
qualities, there is no quicker way of building up a fine breed t! 
by inbreeding. In the dynasties which have been chronicled above, 
the stock was in a way selected at the start—only select and sup 
rior individuals would have been capable of founding dynasties 
under the then existing conditions. By theory, good results would 
have been expected from the inbreeding of such selected stock, and 
in fact it appears that the results were, on the whole, excellent 

On the other hand, in a stock that carries defective heredit) 
the children are doubly handicapped. Moreover, it often happens 
that a hidden trait in the family ancestry is brought to light, when 
two related lines of descent are united in a single individual: thus 
a feeble-minded child may be born in a cousin mating, where feeb! 
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ledness was latent or recessive in the ancestry and had not 
iously made itself manifest. It is cases like this that have given 
anguineous marriage its ill repute, although recessive traits 
also appear most disconcertingly in the offspring of unrelated 
ns, if the same trait happens to occur in the ancestry of each. 
Defeetive children born after a marriage of kin were naively 
ined by the supposition that there was something inherently 
¢ about the marriage of relatives, when in fact it was the 


estry that should have been blamed. In passing juagment on 


roposed marriage, therefore, the vital question is not ‘‘ Are the Vv 
ted by blood?’’ but ‘‘ Are they carriers of desirable traits?’’ 

In a stock that is defective to start with, consanguineous mar 
riage brings the evil traits to light with surprising rapidity. The 
archives of heredity are full of pedigrees, gathered for the most 

in poor farms, jails and other custodial institutions, where 
almost every member of a family, for generation after generation, 
is tainted in some way. When it is found that numerous cousin 
marriages are represented in such a pedigree, it is altogether nat- 
ural that these marriages should be looked on with suspicion. 

Biologically, then, the marriage of kin may be a good thing or 
a bad thing. It depends on the kind of germ plasm these kin have 
received from their progenitors. If the same congenital defect or 
undesirable trait does not appear in the three previous generations 
of two cousins, including collaterals, the individuals need not be 
discouraged from marrying if they want to. 

But, from a broader point of view, the strictly genetic consid- 
erations are not the only ones to be weighed in passing judgment 
on consanguineous marriage. Other considerations are sometimes 
not given the weight that they deserve. 

Some of the opposition in modern civilized countries to consan- 
guineous marriage is doubtless a survival of the establishment of 
prohibited degrees by the Roman Catholic church during the mid- 
dle ages. The extent of these prohibitions went far beyond the 
limits which any biologist would have set: a well-known survival, 
only lately abolished by Parliament in England, was the prohibition 
of marriage between a man and his deceased wife’s sister. 

Without stopping to inquire the real motive for the erection of 
these bans to marriage between blood relatives or sentimental eon- 
nections, one may recognize the validity of the argument by which 
Roman Catholic theologians now justify them, namely, that the 
kind of love which leads to mating and the kind of love which binds 
the members of a family together are two different things which 
should not be mixed. Psychologically, this proposition will be in- 


dorsed by almost every one. In late years particularly has it been 
Vol. XVIT.—28. 
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pointed out that too great attachment between membx 
same family, originating in youth, imposes a heavy handi 
personality, ever vainly seeking to free itself from the 
influence of this emotional bond in order to take its pl 
outside world. 

Eugenically, on the other hand, it is desirable that 
vidual be trained to look outside his own family circle 
beeause in this way new and, presumably, valuable 


will be brought into the stock; and latent undesirable traits 


denied the expression that they might get if two person 
and hence carrying the same trait, should marry. 

Quite apart from the biological aspect, moreover, 
that normally a young couple are better situated, if th 
counsel, influence and help of two different family cir 
back on, than if they have only the one in which they v 
brought up. 

In summary: The study of these extraordinary Egypt 
alogies is of great interest to the biologist, because it 
a striking confirmation of the theory of genetics. But 
encouragement to the establishment of consanguineous n 
a normal rule. In isolated cases in healthy stock, cousin 
are not to be opposed—they may even be recommended 
Darwin, whose children are the offspring of a cousin 
one of the standard illustrations. But, at_best, a cous 
usually connotes a narrow horizon and lack of opport 


part of the mates to meet a wider circle of eligible yow 


and one of the eares of parents should be to give thei 
wide a cirele of eligible acquaintances as. possible, in 
sexual selection may have full play. 

As to consanguineous marriage in general, then, 
larly the closer degrees of it which go by the name of inc 
criminal under the laws of modern eivilized nations, th: 
to be fairly clear. The individual’s interest agrees wit! 
race in requiring, at least after the period of adolescenc 
individual’s affections should be projected out of the 
family and not confined within them. 
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METEORITES 
By Professor ARTHUR M. MILLER 
UNIVERSITY OF KENTUCKY 
\LETEORITES, being solid bodies which eome to earth from celes 
space heated to dazzling brillianey on the surface from friction 
the air and detonating with terrifying intensity as they set 


lent atmospheric compression and rarefaction waves, would 


ar to carry with them proofs of their extramunda) 
ntestable as could well be demanded. Yet it w 


{ i 


sing years of the eighteenth century that the scientifie world 

came convineed of the reality of these objects and that they did 
etually ‘‘ fall from the sky.’’ It is said that even President Thomas 
Jefferson, progressive though he was in the science Ss day, was 
skeptical about such occurrences, replying to the assurances of 

end that the actual fall was well attested by two Yale professors 


t he ‘would preter to believe that two Yankee professors! would 
ather than that stones eould fall from heaven.’’ 
[t is all the more remarkable that skepticism should have 


pre 
led as to the reality of these occurrences when one considers to 
it remote antiquity records of the falling of these bodies extend. 

Such a record we undoubtedly have in the reference in the book of 


\ets of the New Testament to the ‘‘image which fell down from 


ipiter’’ at Ephesus, in the making of silver miniature replicas of 


ich Demetrius and his fellow-craftsmen built up such a thriving 


siness. 


Despite the fact that the aggregate number of 1 


meteorites esti- 
tad 


d to be between 600 and 700) which come to the earth each 


ar seems to be quite large, very few people have been killed by 


Sir John Herschel, writing near the middle of the last cen 
is the authority for the statement that the number up to that 
ie had been four. The only instances of death from this cause 


t which there has been preserved specific data are two—that of a 
priest or monk in Northern Italy in 1511 and of a person in India 
n 1827. This remarkably small mortality due to them strikingly 
lemonstrates how infinitesimal is the space on the globe physically 
“eupied by human beings in comparison with the remainder of 
terrestrial surface. 


1 Professors Silliman and Kinsley, in their report on the Weston, Conn 
meteoric fall. Transactions of the American Philosophical Society, Phil: 


nt 





elphia, Vol. 6, pp. 323, 325, 1809. 
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THE GREAT BACUBIRITO METEORITE 


State of Sinaloa, Mexico, and the Mexican workmen who dug it out 


COMPOSITION AND CLASSIFICATION OF METEORITES 


While meteorites have brought no new chemical elements to the 
earth, some of the combinations of elements in them are unique. In 
all some forty elements have been recognized in them, but fifteen 
of these are very rare. Most conspicuous is metallic iron alloyed 
with nickel, the latter usually forming eight to ten per cent. of the 
iron-nickel alloy. Meteorites which consist entirely or largely of 
this iron-nickel alloy are known as ‘“‘siderites’’ or simply ‘‘irons.”’ 
The Anighito (if indeed this be truly meteoric and not simply basal 
tie, and henee telluric in origin), brought to the American Museum 
of Natural History from Cape York, Greenland, by Admiral Peary 
is such an iron, weighing about 3614 tons. Another siderite in the 
same museum, the Williamette from Oregon, weighs 15.6 tons. 
There are a number of large irons (about six), from three to fifty 
tons in weight, which fell in northern Mexico. These were consid- 
ered sacred objects by the Aztees, and before the coming of the 
Spaniards a number of them with infinite labor had been removed 
to Mexico City, where they are still on exhibit. The largest of these 
Mexican irons—the Bacubirito—still lies where it fell in the state 
of Sinaloa. Dr. Henry A. Ward, under whose supervision it was 
completely exposed about or shortly before 1892, estimated its 
weight at close to 50 tons. It probably weighs about 27 tons. 

All meteoric nickel-iron, when polished and etched with nitrie 
wid, exhibits a characteristic reticulate crystalline structure, 
named after the discoverer, Professor Alois von Widmannstitten, 
of Vienna, the ‘‘Widmannstiitten Figuren.’’ This structure was 
considered an infallible test for metallic iron of celestial origin until 
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it was found in native nickel iron in basalt on Disco Is] 
land, by Baron Nils Nordenskiéld in 1870. The finding of 
of undoubted terrestrial origin, some of it in masses wi 
much as 20 tons, and in the same general region as th: 
Irons’’ found at Cape York, Greenland, has, according to |] 
Nansen, raised serious doubts as to the meteorie origin of 


though they have been accepted as genuine by the best a 


this country and placed on exhibit in the American Musi 
cluding the largest in captivity. 

There is little doubt but that the human race first | 
use of iron from sideritic masses of celestial origin. Sic 
this connection is the structure of the ancient Damascu 
blades, celebrated for their toughness and flexibility. 1 
sessed a laminated reticulate structure closely resembli: 
iron. First made from iron of celestial origin, to whi 
ture was inherent, Damascus blades, as the makers learne: 
iron from terrestrial sources by smelting and to subst 
meteoric iron, were so wrought as to retain the simulat 
original laminated reticulate structure: ‘‘None ge 
branded throughout the brand.’’ 

Another group of meteorites consist largely of silicat: 
nesium, caleium, aluminum, ete., through which are diss 


CAPE YORK SIDERIT! 
Weight 36%4 tons. Dr. Henry A. Ward ‘‘about to lift it.’’ 
as it lay in the Brooklyn Navy yard, courtesy of D1 
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s of metallic nickel-iron. These are called erolites O 
int of their lighter specific gravity and the grayish, stony 
nee of their interiors, they are commonly referred to, in dis 
m from ‘‘irons,’’ as ‘‘stones.’ 
[here is another and smaller group of meteorites intérmediat¢ 
iracter between the siderites and aerolites, know s ‘‘sidero 
in which the iron constitutes an irregular lattice or mes 
: with the stony matter filling the meshes. Sideritic structure 
les into aerolitie through siderolitie. 
\ecording to Professor George P. Merrill of the National 
Museum, Washington, D. C., there had been catalogued to January 
1, 1919, for the world, 788 distinct falls. Of these, 367 would bi 


‘lassed as ‘‘irons,’’ 403 as ‘‘stones,’’ and 31 as belonging to th 
termediate group. Of the 367 irons, there have been seen to fall 

17, or less than five per cent.; of the 403 stones, there have bee 

seen to fall 354, or nearly 5d per cent. ; and of the 31 belonging 


he intermediate group, there have been seen to fall five, or 16 per 
ent. This disparity in the number seen to fall in the different 
groups, especially when the irons and stones are compared, calls 
for an explanation. One theory is that iron meteorites, thoug] 
really less numerous in the soil than the stony, are, on account ot 
their metallic nature, more readily detected than the latter. A 
farmer, plowing, or a workman, digging a ditch, is very apt to stop 
to examine any metallic object his plow or point of pick may strike. 
In ease this should happen to be a meteorite, even though not recog 
nized by the finder as such, it is laid aside as a curiosity and, sooner 
or later, its real character is detected by some one. A stony meteor 
ite struck under the same conditions is to the one who turns it up 
simply a stone and nothing more. Professor Merrill, however, is 
not satisfied with this explanation, calling attention, for one thing, 
to the greater destructibility of the irons through oxidation, and he 
is disposed to champion the view that there has been in recent geo 
logic times an actual decrease in the number of falls of iron meteor 
ites, or, as he puts it, there has been in that time a ‘‘decreasing 
basicity in meteorites. ”’ 

The late Professor William H. Pickering, of the Harvard Astro 
nomical Observatory, Cambridge, Massachusetts, offered still a dif 
ferent explanation. Calling attention to the facts that many mor¢ 
iron meteorites have been found in the western than in the eastern 


ites, a matter that appears to have been overlooked by Professor Mer 


hemisphere (nine times as many in proportion to the stony meteor 


rill), that on the western hemisphere are concentrated most of the 


arge irons and that all irons large and small have never been found 
buried to any great depth in the soil, he held that all or most of 
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these irons fell at one time and that this time was comp 
recent. The agent he invoked for broadeasting them is a 
head of which, composed of masses of nickel-iron, he thoue 
swiped’’ the earth on its western hemisphere side in such 
to cause the brunt of the impact to be borne by the nort 
of Mexico and adjacent portions of the United States 
been found, much of it in large masses, the greatest 
meteoric iron known from any other region of equal ar 
world. Here, too, near Canyon Diablo in Arizona, is th 
‘Coon Butte Crater,’’ a circular depression about 600 
(originally probably 1,400 feet deep) surrounded by a 
about four fifths of a mile in diameter, which, in the ec} 
the raised rim and the vitrified and pulverized sand 
floor, possesses all the characteristics of a crater of impact 


so as any of the shell craters made by the heavy projec 


from German guns in northern France during the late ) 
These characteristics and also the fact that large qu 
meteoric iron, amounting in ‘all to date to 15 tons, have bee: 
scattered about this crater early led American geologists 
the comet-impact-theory as the most satisfactory explanati 
remarkable phenomenon. Now has come forward Prot 

ering with additional support for its comet origin (thoug 
effect of a small portion of the comet), derived from a st 
distribution of iron meteorites over the surface of the « 


PRE-MUNDANE History OF METEORITES 


It appears to be almost certain that meteorites, some t 
of which the average person is entitled to see fall to ear 
the period of an ordinary lifetime, constitute the heads 
comets. The very minute particles that trail along afte1 
of large comets, constituting in part the tails of them 


Coon BuTTEe CRATER, ARIZONA 


From photograph, courtesy of Dr. George P. Merril 
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‘ir courses a long 


ecurring ones and have been running in th 
distributed well around their whole orbits) on being heated to 
deseence and dissipated by friction with the air, produce the 
omenon of ‘‘shooting stars,’’ several of which any one may se¢ 

t across the heavens on almost any clear night. 
[his meteoric material is known to be travelling at very high 
‘ities—some of the larger masses at rates as high as 26 miles 
second, and some of the dust-like particles at rates as high as 
{ } miles per second. Now 26.16 miles per second is the ‘‘ parabolic 
‘ity’’ for celestial visitors to our solar system. That is, it is 
maximum velocity a body falling towards our sun can attain 
y the time it reaches the distance from the sun of half the diam 
ter of the earth’s orbit, even though it may have been falling from 
itmost confines of space. In other words, a body may have been 
falling towards our sun from so far away that it has been falling 
ever, yet this is a velocity that, at the distance of the earth from 
e sun, it can not exceed. Noting this accord between the common 
velocities of meteorites and certain comets, astronomers were for 
merly disposed to look upon all meteorites and comets as originally 
extraneous to the solar system, having been attracted into it from 
very remote distances. The less than the parabolic velocities pos- 
sessed by some of them, resulting in their moving in elliptical orbits, 
was accounted for by retardations produced by perturbations of the 
planets. Quite recently, however (see announcement in Science for 
January 19, 1923), Professor Stroemgren, royal astronomer of Den- 
mark, as the result of mathematical investigations made on comets 
for the last twenty-two years, seems to have refuted this old idea 
that comets (and presumably meteorites also) are ‘‘vagrant wan- 
lerers from interstellar space,’’ and proven to the contrary that 
those with elliptical orbits have always formed a part of our solar 
system. Those that he finds moving in parabolic or hyperbolic 
paths he accounts for as outcasts from our solar system, through 
their onee closed elliptical orbits, having been thrown into open 

curves by accelerative perturbations of the planets 
Granting, then, that meteorites (and comets) have always 
formed part of our solar system, what has been their history within 
that system? A partial answer to this question is to be found by 
a study of the structure of meteorites. It is quite certain from such 
study that they have not always been cold bodies flying through 
$ solar space, but must have at one time been molten and subse- 
quently cooled under great pressure. This is evidenced by their 


coarse crystalline structure and their occluded gases. Even CO, 
in a liquid condition in minute cavities has been found in some of 
them. Such facts ean be accounted for only on the theory that 
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meteorites (and comets) onee formed the interiors of la 
tary bodies or of a former sun. These facts harmoniz 
the Chamberlin-Moulton theory that our present sola: 
formed out of the wreck through ‘‘tidal disruption’’ of 
solar system, the disrupting agent being another and mu 
sun, in proximity to which our former solar system 
eame. In aceordance with this theory meteorites are fram 
this former solar system—planetesimals out of whieh on 
solar system is still being built. 


EFFECTS OF COLLISION BETWEEN THE EARTH AND ME" 

The paths which the earth and a meteorite are pursu 
the sun may intersect, and it may happen that both th: 
arrive at this intersection at the same time. This will r 
collision which will be head on, tail end or at some angle i 


} 


the effective velocities in any case being sufficient to heat 


friction with the air the outside of the meteorite to ine: 
As the outside melts it is rubbed off by the friction 
brilliant, but usually quickly disappearing trail that 
spicuous phenomenon in the ease of every meteor. T 
denee the meteorite retains of this melting when it r 
earth is a thin surface glaze, which is darker in proport 
basicity of the body, and also a fluting formed of disconn 
pressions, like thumb marks, which radiate from the point 
forward in its passage through the air. The friction o! 
also the cushioning of it in front of the rapidly moving bod 
slows down its initial velocity, so that, except in the case « 
large meteorite, which would almost certainly be iron, this 
is entirely checked before the body reaches the earth. At t 
of checking, usually at a height of from eight to twelve n 
meteorite (in nearly every observed instance a stone) bri 
with loud detonations, and the main mass and its fragment 
to earth with accelerating velocity-of bodies falling from t 
under the influence of gravity. The smaller fragments, 
of the more effective resistance of the air, often have so slig 
ties on reaching the ground that they do not penetrate t 
even of soft ground, and have been known not to brea! 
few inches thick. 
METEORITE HUNTING 

The writer has been engaged with some measure ot s 

twenty years in endeavoring to run down and locate an) 


which in deseending to earth have come within his hor 
first one of these, which he was fortunate enough to 








METEORITES 145 


ve through its whole visible course and measure the altitude 
izimuth of its point of bursting, was on November 15, 1902, at 


6-45 in the evening. By requests inserted in the press of Kentucky 
as able to secure four other observations which gave the sam: 
as seen from other widely separated places in the state. A 
ting of these observations indicated the knobs of southern Bat! . 
County, Kentucky, as the place where this meteorite should hav 
n, and almost immediately came word from that section that 
agment of it had been picked up by one Buford Staton from 
road in front of his eabin, where it had fallen. This was secured 
e school superintendent of the county, Mr. Daugherty, and . 


sent to the University of Kentucky for examination. Dr. Henry 
Ward, who was then alive, was notified. He came to Lexington and 
irchased the stone from Mr. Daugh« rty ior $20U0 It weighed 
1314 pounds. Professor Henry C. Lord, of the Emerson MeMillin 
Astronomical Observatory, Ohio State University, Columbus, Ohio 
also saw this meteorite descending low in the southern heavens, and 

rough the public press called for observations. Combining the 
eplies which he and the writer received from numerous observers 
t was determined that this body was seen in its fall over a north 
nd south belt some eight degrees in width, extending from middle 
Ohio to the Gulf of Mexico. Despite this north and south range of 
observation, the horizontal component of the meteorite’s path was 
from west to east. The apparent contradiction involved in these 
facts is reconciled by considering the time of day at which th 
meteorite fell. At that season of the year (November) it was dark 
at 6:45 P. M., and many persons were out of doors along a north 
and south belt in that time zone, where conditions were favorable 
for seeing a meteor flashing across the sky. Further east the time 
of night was later, and not so many people were out of doors. To 
the westward it was yet day where a meteor would not so likely 
light up the sky sufficiently to attract attention. 

In 1919 the writer had another opportunity to study the phe 
nomenon of a falling meteorite and recover some of tl 
It fell near midday on April 9, and its horizontal component of fall 


e Iragments, 


was from south to north, coming into southern Kentucky from over 
the state of Tennessee. In the latter state, the sky was cloudless, 





and, though at midday, the meteorite shone with a brilliance above 
that of the sun. Over Kentucky hung clouds obseuring it from 
view, but, by this time, the stone was near enough the earth to be 
detonating with terrific violence so that its position from point to 
point could be located by the sound. Indeed, the coneussions wer 
80 violent as to shake buildings, leading the county papers of that 


region first to report the phenomenon as an earthquake. These 
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vibrations in buildings were noticed a long distance from 
of fall, being detected as far away as Lexington, 85 mil 
north. In coming north over Kentucky, this meteorite’: 
component paralleled the line of the Cincinnati Southern R 
and it is an interesting fact that the tower men along t 
this road as far as Danville kept by telephone ahead of 
motion’’ coming up the road (that is, ahead of the sow 
Fragments of this meteorite—an aerolite of remarkably low 
—being composed in fact mainly of silicate of magnesiun 
to spall off at Sawyer Post Office, near Cumberland Falls 
54 pounds of the material were secured by the writer 
vicinity. There is little doubt, however, that the main m 
must be very large for an aerolite, went on farther north ; 
lies buried somewhere in the very rugged portion 
County, north of the Cumberland River. 

On May 30, 1922, at 7:30 P. M., central time, a meteor 
a west to east horizontal component passed over the stat: 
diana, Kentucky and West Virginia. It was seen by a large 
of people in those three states and also in Ohio and Virg 
writer, in response to a request published in a number: 
papers, obtained records of observations from a considera 
ber of eye-witnesses in these five states, but, though thes¢ 
exhibited the most cordial desire to contribute informatio 
would lead to the discovery of this celestial body, so fev 
gave estimates of azimuth and altitude of the point of | 


disappearance of the meteorite as seen from the point of o! 


couched in terms that were intelligible that little use coul 
of most of the information received in calculating very ex 
place of its fall. There were, however, enough intellig 
received to enable the writer to select Greenbriar Count 
Virginia, one of the most mountainous counties of the st 
most probable one in which it came to earth. In pursuing 
hunting as a pastime, the writer is continually having 
home to him how few adults, even those entitled to be pl: 
intelligent class, when it comes to intelligible expression 
indication that their conception of the earth in its relat 
universe is any less primitive than that of the ancient C 
Hebrews and Egyptians, or of Voliva of Zion City. H 
stoutly these same people may assert their belief in the C 
theory, practically their conceptions are those of persons 
a flat earth, covered over by a bowl-shaped solid sky, 
measurements may be made in feet, and travelling along 
celestial body, in passing to the horizon, comes to earth, us 
farther away than over the next hill, or at most, not be) 
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BaTH FURNACE AEROLITE 


Fell in Bath County, Kentucky, November 15, 1902. Weight 180 pounds 
From photograph by the author. 


next county. Let us hope that when our present boy scouts come 
to maturity, having been trained in a proper knowledge of their 
relation to their physical environment, ‘‘meteorite chasing’’ may 
take on the aspects of a more exact science than it has to-day. 


LEGAL CONTESTS FOR THE POSSESSION OF METEORITES 


A number of interesting questions of ownership have been raised 
by the finding of meteorites. Where they have got into the courts, 
they have all been settled in favor of the owner of the land on which 
the meteorite fell, in accordance with the decision rendered in the 
first ease of the kind in this country—that of Goodard v. Winchell, 
Supreme Court of Iowa, October 4, 1892. Professor H. V. 
Winchell, state geologist of Minnesota, had purchased for $105 a 
66-pound aerolite from Peter Hoagland, who dug it up from the 
land of John Goodard, in Iowa, where it had fallen May 2, 1890. 
The decision rendered in favor of the plaintiff, Goodard, in the 
lower court, was reaffirmed in the Supreme Court on the ground 
that a meteorite became, by falling on land, as much a part of it 
as boulders transported thither by glacial action. 

A question of ownership was raised in the case of the main mass 


of the Bath County, Kentucky, meteoric fall. Mr. Pergrem, resi- 
dent of the knobs of southern Bath County, while squirrel hunting 








146 THE SCIENTIFIC MONTHLY 


in the early spring of 1903 on a large tract of wild land 

to the ‘‘ Ewing Heirs,’’ noticed where the tip of a white o: 
had been clipped off. Suspecting that this had been 
piece of the meteorite, which, by its brilliant light produc 
terrific detonations occasioned, had so alarmed the inhal 
the region in the previous November, he looked further 

a skinned place on another sapling. Lining up the di 
given by these two points, he noted where the meteorite wo 
the ground, and, digging there, found a mass of iron weig 

180 pounds, buried flush with the ground at the base o 


tulip poplar. With the aid of an old horse, he removed t 


ite on a sled to his house. A more prosperous cousin 
Pergrem, who knew the 1314 pound fragment had br 
then traded him a cow for this main piece. It was on 
porch of this more prosperous Mr. Pergrem that the writ 
few days after this transaction had made a trip to tl] 
order to obtain, if possible, some facts bearing on the ti 
the meteor, first saw this specimen, and secured a photog 
On his return to Lexington, he communicated to Dr. Wa 
of this new find in a letter which was forwarded to hi 


whither he had gone after another meteorite. In du 


to offer a certain sum for this latest and, evidently, m 


THE WILLIAMETTE SIDERITE 


Loaded on a truck, and the man and boy who thus ‘‘ran awa) 
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Bath Furnace, Bath County, meteorite. In the meantime, 


er, the Ewing heirs had brought suit for possession of it, and 


em, the possessor, not wishing to tace a laws lit, re linquished 


iim to it and demanded back his cow from his cousin. 


he 
r remained in statu quo until the return of Dr. Ward. The 
was then settled out of court by Dr. Ward paying the Ewing a 


$1400 for the meteorite (there has been a big s! imp in tne 
* meteorites since Dr. Ward’s death), with th: understand 
at $200 of it was to go to Mr. Pergrem, the finder. This fin 
men of an aerolite may now be seen in the Field Museum 
vO 
Another meteorite over which there was an interesting lega 
est was the Williamette iron already referred to. This speci 
en was found by a former Welsh miner, Ellis Hughes, on a traet 
land adjacent to his own, belonging to the Portland Land Com 
nny. At first, he thought he had discovered an iron mine, but on 
ther digging, saw the mass was detached, and realized he had 
earthed a meteorite. The next thing was to gain possession. LH 
d this by means of a low, heavy wooden truck, especially con 


structed for the prospective load. on which he managed to capsize 


e 15-ton iron, and then, with no other motive power than an old 





WILLIAMETTE SIDERITE 


Weight 15.6 tons. From photograph, courtesy of Dr. E. O. Hovey. 
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horse winding a rope around a capstan as a winch, whi 
be moved and re-anchored as the truck with its load was . 
to it, he and his fifteen-year-old son, working so quietly 

that no one, not even his nearest neighbor, ever suspect 


they were doing, dragged this iron three quarters of a 
the property of the Portland Land Company on to his ow 
the only case on record, according to Dr. Ward, of ‘‘an) 


having run away with a fifteen-ton meteorite.’’ Natura! 
being noised abroad what this Welshman had discov 
secured, the Portland Land Company brought suit for 
When the case came to trial, the lawyer for the defenda 

a most ingenious plea. He alleged that in this ease the 1 
was not ‘‘real estate’’ but ‘‘discarded personal property) 
ing to whoever might find it; that it was an ‘‘ Indian reli 
and revered from time immemorial by the then virtual! 
tribe of Siwash Indians. In support of this claim he int: 
the witness stand a very old Siwash Indian, almost the 1; 
tribe, who testified that this mass of iron had long been 
members of his tribe, who attributed to it magic virtu 

as a youth he had been conducted to it by one of the old 1 
men, and had it explained to him how, if arrows were di 
the water that collected in the hollows of this iron and w 
shot at game, they always went true to their mark. How 
judge, holding true to precedent, as all judges do, and citi: 
Goodard v. Winchell case, ruled that the meteorite went 
land, and issued a writ, placing it in possession of the | 
Land Company, from whom it was afterwards purchased 
American Museum of Natural History. 
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THE TIME OF DAY’ 


By Professor ALFRED H. LLOYD 


UNIVERSITY OF MICHIGAN 
First Part 


I 


‘‘Pray, what time is it? Watchman, what the hour?’’ Some 
one replies, giving minute as well as hour. Or this: ‘‘The Twen- 
tieth Century of the Christian Era.’’ So do little things of life and 
big, one’s watch and history often come together. However senten- 
tiously, the wonderful hovers over the commonplace. 

Whatever the time by hour or by century, it would seem safe 
to say that by some happy conjunction of circumstances, including 
the stars, we are all living in our present time, at this very minute 
or hour, or more grandly, we and millions of others the world over 
are contemporaries. Yet, so soon as said with seeming safety and 
also impressive as it really is to contemplate, is it after all quite 
true? Are even you, reader, and I and all our present fellow- 
beings necessarily contemporaries? True, by the clock on the 
nantel or in yonder tower or by the date, 1923, we are all in our 
own time and it certainly seems to be the same time; but are we 
and all our so-called contemporaries, far east or far west, north or 
south, are we, all of us, really of this present time? Do we, all of 
us, live now actually and responsibly? Are we, in our will and our 
action, not just in our existence, on time? 

Beware of clocks. Beware of calendars; of mere chronometers 
and outwardly and abstractly accurate chronicles of all kinds. Too 
easily they give false notions; perhaps imparting unwarranted con- 
fidence and pride of progress, perhaps giving needless discourage- 
ment. Clocks and other formal histories have a certain nicely intel- 
lectual and instrumental value; also we all like to hear them tick 
or strike; we all like to hear of roundly numbered centuries and 
eras; but such formal times is not real time. The real twentieth 
century is a responsibility, not a date that merely ‘‘has it one bet- 
ter” over the nineteenth ; and, in general, actual time and of course 
also actual space are what they are only relatively to the facts and 
to the meaning and life of them. Einstein, if I have at all under- 


1 This essay had its origin in an address given in March of the present 
year before the members and friends of the chapter of Phi Beta Kappa at 
Vassar College. The original address is here considerably revised and expanded. 

Vol. XVII.—29. 
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stood him, would hold even the sun and the earth, the moon a, 


the stars and the light from or to any of them to tests of time — 
space, not by mere abstract chronometer or cosmometer, but by the 
facts; by relative weights, then, not by mere formal and absolut 
measures. Not tarrying, however, for his thanks, just as an advep. 
ture of my own I insist that, whatever be true of space, real time 
is not the simple, tick-tock, straightforward and accurately datab) 
thing we are in the habit of thinking it. Whenever two or three arp 
gathered together in time, the time of their meeting very often su; 
fers curvature or distortion of some sort. Thus, I submit ¢} 
people there are to-day—are you, reader, and I, however obviously 
now come together, of their number ?—who are straining the sup. 
posed integrity of time terribly by living actually, whatever th 
objective time-registers may say, either a century or two in the past 
or, as if with an equal but possibly compensating violence to time. 
liness, a century or two in the future. 

If we must have reactionary and ghost-seeing conservatives, it 
is doubtless very fortunate that we get also impractical and futw 
istic dreamers. Whenever certain and radical changes are imn 
nent and a distinct transition is the great sign of the day, both thos: 
groups do serve a purpose. At least, either alone would be disas- 
trous and the conservation of life and its attainments and poss 
bilities that the two together insure is plain. Moreover, the life « 
a people, when so divided between one untimely and distorting ex 
travagance and another, opposing and balancing this, admittedly 
has a peculiar zest and vitality. It brings an analyzing and always 
very instructive and productive experience. There is, too, always 
something doing. But, to utter the obvious, such a divided | 
lacks singleness and directness and positive efficiency. To have | 
the people behind the times and the other half ahead of thie t 
may be good education for progress, but it can not effect it. Soonet 
or later the people as a whole must become single-minded and | 
mobilized to the appropriate purpose of their day. 

To-day our ghost-seeing reactionaries and our not less extrav: 
gant and abnormal visionaries certainly need at last to realize | 
that by the time-register this is the twentieth century, since the) 
are all over-complacent with such a large round number and 
three ciphers, but that the twentieth century really means som 
thing specific and exacting. Through some agency of liaison t) 
must get together and give full and honest heed to the facts a 
values of the time they have inherited, to the visible attainments 
of mankind and to the real, however still latent, opportunities 
the present life. All must give up the peculiar excitement of living 
at once in opposing groups and out of date and try the greater ' 
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citement of being open and active contemporaries and really 
on time. 

Surprising how hard it sometimes is actually to live in and of 
one’s own time! How hard, and how worth while! The old ways 
tempt some, the established and privileged. Protest, attack and 
destruction occupy others who are suppressed and discontented 
and who will have their hopes and dreams. But timely action is 
worth while for all. 


II 


So, once more: What time is it? Twentieth century of the 
Christian Era, the watchman has called. Did he add that all was 
well? I failed to hear quite that. Disturbances in the market- 
place or down that side street may have confused things a bit. Per- 
haps all is not quite well. But, apart from the mere counting, what 
means this twentieth century? 

With some of us seven-thirty means breakfast and the pleasant 
aroma of coffee. Other times of the day also have just such specific 
meanings. In the evening eight may mean an interesting book or 
perhaps for some the glare of the movies. But the present century? 
This is not so easy and the answer I shall give may quite lack aroma 
or glare or anything to hold attention. Thus, if at once I may leave 
the shallow waters, in ways which I propose to consider at some 
length and which in spite of possible difficulties I hope to make 
more interesting than any momentary aroma or glare, the twentieth 
century of the Christian Era means: (1) Anthropology, including 
especially psychology and implying generally man and his nature 
studied scientifically and exposed very intimately; (2) technology, 
including especially artifacture—instead of manufacture—often to 
the point of automatic machinery, man’s burden of work taken off 
his shoulders and carried in ever-increasing amount mechanically ; 
and so (3) new and great adventure. A date, I believe, hour or 
century, always means adventure! In those ways, then, our cen- 
tury would seem to have made a date with us. Are we going to 
keep it? Have we the courage of the adventure? There is the 
challenge. 

With all my warning and preparation my grandly ‘‘ological’’ 
way of tolling out the century may only puzzle. This I can not 
help. All know that these are days of amazing and amazingly 
large things, taxing the understanding at every turn. But a short 
time ago we were measuring things in hundreds and thousands; 
to-day, with effort, in billions. Every thing is big, very big, except 
the world, and this somehow the big things have made small, very 
small. Civilization has reached so far as no longer—except at far 
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north or far south—to have a frontier. History has gone back , 

beyond the prehistoric. Must occupy us, then, however puzzling 

however ‘‘ological’’ or in any way grandiloquent, really lare 

and comprehensive standpoints. To-day, if ever, one has a 

to ask that people accommodate their mind’s eyes to larg 

Mere technical philosophy may not be a crying need of th 

but, whatever the effort required, at least fundamental ideas a) 

Long enough have we been meeting our various problems of lif 

conventional and superficial ways; direct, frontal attacks hay; 

their day, including certain years of war and the long impatient 

years since; demanded now the flank movement of getting be! 

the lines or beneath the surface, which only comprehensive jdeas 

ean possibly effect. So, while many may still wish to toll the pres 

ent century with more sound than sense, I must hold to my ’ologies 
These ’ologies I shall discuss in order as the large, important 

events of the day, anthropology and technology; and then, thirdly, 

I shall try to indicate the new and great adventure of our time. 


III 


In the first place, then, ours is an era of anthropology, the i 
mate naturalistic and scientific study of man. The great intimacy 
of the science is best seen in its two very significant branches, ps) 
chology and psychiatry, now natural sciences. 

You and I are accustomed to this science even in its more iz 
mate forms. Many of us, however, may never have appreciated all 
of its implications and in particular its significance historically 
On the whole until about forty years ago man was protected fro 
the intruding intimacies of science. In respect to what distin- 
guished him from things and other creatures he was an object of 
interest theologically, morally, even abstractly and rationalist 
cally, but not scientifically and naturalistically. Persons born sine 
1900 may have to think twice before they will at all appreciate t 
change that has taken place. Now the intimate anthropolog 
science of psychology is in the company of the natural sciences. | 
Ann Arbor we have what in spite of the passing of the years w 
still call the ‘‘New Science Building.’’ It contains the labor 
tories, class-rooms and special libraries of four natural scien 
Geology, botany, zoology and psychology. This very series sug 
gests a sort of advance of natural science on man. But the ne' 
ness of our building might be taken as referring, not just to th 
building, but to the inclusion of psychology. Fledgling from t! 
warm, human nest of mental and moral philosophy, psychology ha 
run off to the very different habitat of natural science. How t! 
excellent Noah Porter, D.D., author of the once widely used 
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‘Human Intellect’’ (1868), ‘‘Science of Nature vs. The Science of 
Man’’ (1881) and ‘‘Moral Science’’ (1885) would scurry to the 
bank of the pond of science and frantically call on psychology to 
eome back to dry land and spiritual safety. No clamor on the 
bank, however, can bring the lively and ever stronger science back. 
Psychiatry and psycho-analysis have been added to its activity, as 
if diving to swimming, and, while time must pass before the new 
science and its applications to life will be clearly realized, the event 
has taken place and stands out as something of great importance 
to be faced and appraised. Some years hence the historians will 
be chronicling how such close, scientific study of man happened. 
The narrative of one of them we may read in imagination even 
now: 

It is peculiarly interesting to record that in the later nineteenth and earlier 
twentieth century there were those who discovered with a completeness not 
before supposed possible most intimate correlations between the body and the 
mind of man and, as even more noteworthy, who succeeded in applying the 
methods of natural and experimental science not merely to the study of man 
in his physiological character but also to the study of his consciousness, of his 
knowledge and will and feeling. At the universities laboratories for such study 
sprang up almost like mushrooms. Journals of physiological, genetic, com 
parative and experimental psychology, as well as of many other phases of 
scientific anthropological inquiry, were published. In a word the study of man, 
long in large measure theological or with the waning of theology only abstractly 
rationalistic, came to be most closely associated with the natural sciences and 
it appeared as if man’s long persistent aloofness from nature had been aban- 
doned. The effect on his institutions, on the conduct of his life politically and 
economically, socially and morally, was of course tremendous, but was not fully 
appreciated for some time. 


So runs a part of that future record. Several pages further on 
I have found also this interesting comment: 

The movement for an unreserved scientific anthropology, notably rapid and 
successful in America, at first seemed to supply valuable fuel for the fires of 
materialism and fatalism, but in the end actually proved to be a source of 
real incentive and opportunity to mankind and so of distinct spiritual prog 
ress. Can truth, however disturbing at first, ever have any other outcome? 


The fact or event, then, of our time being what we have so re- 
corded for us, what fully and exactly does it mean? To understand 
it fully and properly, we must of course face it candidly, the in- 
timaey and exposure, the realism and apparent materialism of it; 
but especially must we take clearly into account the history, the 
long history, by which it has come about. Some overlook this his- 
tory or even deliberately turn their backs on it. How blind they 
are or how foolish so to betray a great heritage. Their folly must 
not be ours. Some years ago I was at luncheon with a gentleman 
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of great artistic interest and sensibility, a virtuoso superlative}, 
I ventured to comment on the color, specially fine and intrig Ling 
of the walls of his dining-room. 

‘*Yes,’’ he said, ‘‘it certainly is unusual. What is more, I hay, 
peculiar satisfaction in it. I took great pains to get it. On thes 
walls my decorator put twenty coats.’’ 

‘**Surely,’’ I exclaimed, ‘‘there was some experimenting, som 
waste. ”’ 

‘Experimenting, yes; but no waste. I feel, as I look, that every 
one of the twenty coats, even the first, is present in what you and 
I see now.”’ 

He had a more sensitive eye than I. His claim, however, must 
help us to comprehend why our own time, just to appraise itsel} 
must know fully its past. You and I may not be up to date, y 
may not really qualify as our own true contemporaries, unless y 
actually sense or catch the contributing, however now hidden, tr 
ditions of a long history in what we now behold or now do. Our 
anthropological, often intimately psychological interest, methodical 
and naturalistic and scientific in its expression, is indeed late com 
and it is what it is, unique, sui generis, but we must remember that 
necessarily it is the product, as it were, a latest coat made subtl 
by many others before it, of nearly twenty centuries of prepara- 


tion. Duly appraised, this present is a great memory. So knowl. 
edge of the earlier coats and of the progressive and dramatic order 
of them is necessary if we would know the last and would appre- 
ciate the new life that in our own time this last coat either has 
made already or is to make possible. 

‘*Was there one for each century?’’ I hear some worried per- 
son ask. Possibly. But I shall shorten the whole record to four. 


IV 


In four single words hear the record of Christendom’s history: 
Theology, mechanics, biology and to-day’s anthropology. 

‘*Mere jargon of some cloister,’’ says some one; ‘‘ Why haven't 
we by this time outgrown the cloister? Mere language of an aca- 
demic curriculum.’’ The charge is true. May every age have its 
cloister or its ‘‘classic shades!’’ In those four words lies an im 
portant human story for him who will give attention. Do you se 
nothing in their given order? The gradual breaking down of man’s 
reserve and aloofness from nature? Do you fail to see the sue- 
cessive standpoints and key-ideas that have made our history not 
merely intellectually but also in the important practical affairs of 
morals, polities and economies? Do but consider: 

First, theology in the Middle Ages, regulating life narrowly and 
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dogmatically through the aloofness of a theocratic, doctrinal and 
legalistic institution, Christendom’s first device for law and order, 
for system or mechanism, directly man-powered and militaristic, 
the medieval church, an institution of morals, polities and eco- 
nomies all in one and all aloof and as supernatural as unnatural. 

Next, in the seventeenth and eighteenth centuries, solar mechan- 
ies and mathematics with regulation of life from the nearer sun, a 
distant but at least no longer invisible and supernatural source, 
with a temporal and secular natural institution, the state, claiming 
at least equality when not superiority to the church, appropriating 
the church’s methods of regulation and insisting at least on tem- 
poral power as its peculiar prerogative, and with a distinct regard 
to reason as native to man and to law as natural. 

Then, in the nineteenth century, man come still nearer nature, 
biology, revealing a unity and a certain essential orderliness of all 
life and by these and the special hypothesis of evolution bringing 
man and the natural world not yet completely but still more closely 
together, enriching the great idea of nature’s mechanical or, as it 
was in spirit, institutional order with the even greater idea of the 
living organism, wherein mechanism became versatile, adaptive, 
even supermechanical, and under influence of which among other 
effects, monarchical absolutism and rigidity gave way to the orderly 
adaptability, the organic movement of democracy. The practical 
effects, generally known and appreciated, of biology and evolution 
on actual life have certainly been no greater, for their time, no 
more momentous, than were those of the mechanics in the previous 
era. 

And to-day, lastly, aloofness and reservations apparently quite 
gone, anthropology and psychology candidly naturalistic and scien- 
tifie and in their directness and candor also bound in momentous 
ways to affect our practical life of affairs, giving us what in the 
language of the movies might be called nature’s own ‘‘close-up,’’ 
even an exposure, as intimate as natural, perhaps as offensive as 
good for the soul of man. 

How aloof was man at first, presuming to live aside from nature 
and always in view of the yonder and hereafter. Now, not just 
formally or mechanically, as for a time, nor yet only biologically, 
the somewhat closer way which followed, but most intimately, in 
the very intimacy of his consciousness and reason, of his passion 
and will, how one with nature he is being made to appear! 

Does any one still find in that quaternion—theology, solar me- 
chanies, evolutional biology and intimate anthropology—only a 
catalogue of names for scholastic learning? Does any one still fail 
to eateh the story, the great dramatic story, whose eras it recites? 


ee 
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At risk of being wearisome with what may be a needless ela} 
tion, I am going to indicate the motive and character of the sto) 
several ways as follows. Thus, most obviously and almost pr 
tiously on my part, it shows Christendom in process of a vrad 
adaptation to the natural environment; then it shows important ex 
pansion and liberation, the spirit of life repeatedly breaking ay 
from an established order or letter; and, finally, it shows mora 
perience and growth involving frequent struggle and disaster by: 
also continued attainments. When these aspects of the story 
Christendom have been made clear, we ought to be able to unde; 
stand the particular mark of our own time, with which we are 1 
so concerned, our present scientific anthropology and the im 
tions and memories which enrich it. 


V 
The medieval theology and its aloof institution hardly sug 
even in possibility or preparation anything like adaptation t 
natural environment. Yet, with no intent of disrespect in 
secular terms, the medieval church may well be looked upon : 
strategical retreat on man’s part. Let us call it that, then, and 
allow a change of the metaphor in a moment. In those troublous 
times, when the structures and instruments of the pre-Christian 


civilizations had scarcely one stone left upon another, one part 
orderly relation to its neighbor, man met the disorder, the intel- 
lectual and moral and political chaos, with the excellent devic 
a super-mundane supernatural institution, St. Augustine’s ‘‘Cit 
of God.’’ Into that he withdrew, taking for preservation w! 


} 


treasures of the past he could take, things and memories. The 
threatening storms raged. ‘‘The rain was upon the earth fort; 
days and forty nights.’’ The floods rose. Like the Ark of old, th 
Church rode the storm, saving man and his past and with disci 
plines, with mental and spiritual exercises of all sorts prepari 
him for the future. Time came, when the protected life wit! 
could once more go out on dry land and in more direct and positiv 
way undertake to solve the problems of the disturbed environment 
There was, of course, a significant clearing of the sky and subsid 
of the violence, when Galileo—as the dove bringing the olive leat! 
—<discovered the orderly heavens and in general, with Newton 
good time adding evidence, the dependable mechanism of phys 
nature. Personally, I have often wondered if those discoveries 
the astronomers had ever been made without just such a pre} 
tory discipline of mind and character as the Church had provid 
Say what one will, in the long run only orderly and controlled pe! 
sons can reason within themselves or find convincing law and order 
in the world around them. 
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From Galileo’s time on man had and showed more confidence of 
earth, feeling more at home and by all sorts of ingenious mechanical 


applications gaining an ever increasing and widening mastery of 


earth, safely exploring all the seas, exploring, settling and exploit- 
ing the continents, possessing first the earth’s surface, then its more 
intimate resources. The biology and then the anthropology and 
psychology that followed the earlier mechanics only served to carry 
forward the adaptation and this came at last to be, as some one is 
sure to say, thinking doubtless of Freud and other very scientific 
psychoanalysts, adaptation to the point of hopeless loss of the 
human self in the natural, in the material and sensuous if not sen- 
sual, so that even the term ‘‘close-up,’’ suggested already, would 
seem hardly adequate. 

The historic ‘‘illumination’’ and exposure of selfish and sensu- 
ous human nature in the eighteenth century was but a candle flame 
or a smoking torch compared with the electric light and X-ray of 
present analyses and revelations of man’s very soul. Of that earlier 
exposure writes one historian :* ‘‘ There was nothing left but matter 
—a wholly unspiritualized mass. Sensuous greeds and needs on all 
sides! Individuality, grossest self-seeking, the law!’’ Witness 
“the licentiousness of the miserable court which demanded slavish 
obedience,’’ the ‘‘tyranny and hypocrisy of a priesthood rotten to 
the core’’ and an ‘‘administration of the state, a dispensation of 
justice, a condition of society, that must revolt to the utmost every 
intellectual principle and every moral feeling of man.’’ But to-day, 
so far has man’s naturalization gone, as now registered not just by 
a historian but by scientists, even soul itself is sex or, as a bit 
better, nutrition and sex. Could naturalism and its exposure go 
farther? With some success, too, those who see the adaptation as 
ending in a complete surrender to physical nature may press their 
case. Yet, so much granted, the whole truth can not be told so. 
Facing the unquestionable physical naturalism of the time, I find 
myself somehow reassured when I reflect that such a sensuous real- 
ism, while never without its dangers, has not always been in bad 
company. Early and evangelical Christianity, at least after St, 
Augustine, certainly has even cultivated a very distinct sensuous 
and physical realism. Witness so much in the vocabulary of ortho- 
dox Christianity. Possibly our own present realism and material- 
ism, culmination of Christendom’s gradual adaptation to the nat- 
ural environment, has its own spiritual meaning and purpose. 

Nor, having said sc much, can I refrain from saying more. It 
must have some important bearing on the full meaning of the adap- 


2 Schwegler in his ‘‘ History of Philosophy,’’ translated by J. H. Stirling, 
p. 188, 
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tive process with its interesting successive eras and its present oy} 
come that in the minds and hearts of men God seems to have had a 
way of always identifying himself with the sphere of life which «; 
any particular stage man has recognized. He has followed the ac. 
cepted law and order. With Galileo’s science and its discoveries. 
for example, God actually left the traditional church and, if the 
mystical and nature-loving saints or the pantheists generally. 
whether religious or philosophical, may give testimony, reappe: red 
as the spirit or genius, the presiding ruler, of the new system. With 
Darwin, again, and the evidences of evolution, there came to ex. 
pression a still broader and deeper pantheism; God was so ex 
panded as to be identified with or declared immanent in the great 
unity of all life. So, by the history of Christendom’s growing pan- 
theism, God has kept company with man through the long process 
by which man has been finding himself in nature and even the ex- 
treme naturalism of cur day may not be as hopelessly unspiritual as 
some regard it. To speak now only as a historian, whatever ma 
have been man’s attitude, God at least has shown no fear of follow 
ing the truth. 


VI 

Expansion and liberation also were said to be marks of the pro 
ress of Christendom. The expansive theism, or pantheism, by which 
God became ever more and more a free and comprehensive spi 
less and less a locally and officially residing and presiding deity, 
ruling life from outside and above, we have already remarked. But 
this aside, in the life of Christendom, now under one formal! orde1 
or system, now under another and broader, there appear to hav 
been certain critical times, closely corresponding to the eras whic! 
have been indicated, when to all intents and purposes, as his exp 
rience has enlarged, man has heard and eventually has heeded th 
ery of an expanding and freeing life. ‘‘No longer the narrow and 
formal letter, but the more vital, the more open and at same tim 
deeper spirit.’’ Surely something of that sort must always accom 
pany adaptation. Successful adaptation must be quite impossible 
without plasticity and to secure this an old habit or system of life, 
in short the letter that killeth must constantly yield to the spirit 
that setteth free: St. Augustine’s narrow institution, for examp! 
of the middle ages, exclusive and aloof, to Galileo’s or Newton's 
broad and more efficient helio-centric mechanism of nature; ! 
ture’s mere physical mechanism, again, to Darwin’s still more plas 
tic or versatile and adaptive organism; and this, as the years pass 
and still another order cometh, to the modern psychologist’s also 
natural but still freer conscious and willing individual. Just to b 
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able to see in these changes not violent revolutions but expansion 
and liberation of the spirit, in other words to see them as enlarge- 
ment and fulfilment, not betrayal, of the cherished past is helpful 
jn many ways and here particularly with respect to finding the past 
and its memories, however long removed and however refined by 
generalization, in a present that many are finding strange and of- 
fensive. 

Words, words, words! Theology, mechanics, biology and an- 
thropology over and over again! Institution, mechanism, organism 
and natural but conscious individual! Why not tell of changing 
political institutions, economic development and moral and spiritual! 
growth? Why not speak out of a life of actual affairs? What are 
‘adaptation to environment’’ and ‘‘liberation of the spirit’’ com- 
pared with actual exploration and occupation and exploitation of 
the earth, with wars and battles, with diplomatic as well as military 
triumphs, with royal splendors or tragic martyrdoms, with epoch- 
making inventions overcoming space and time, with expanding com- 
merce and industry, with all kinds of ‘‘broadcasting,’’ with a whole 
world of isolated localities become, as many have been calling it in 
effect, if not always in recognized form, a single community politi- 
eally and economically and morally, suggesting such a social unit 
as the Greek city-state or the church of St. Paul, ‘‘members one of 
another’’? What indeed are they if not the same thing! The his- 
tories of political and economic and moral conditions would all cer- 
tainly show within each context adaptation and expansion and lib- 
eration of the spirit. 


VII 

Here, while still proceeding with our purpose, we may enjoy a 
little diversion, helpful especially to those who to a diet of ’ologies 
and other wordiness prefer concrete—I mean things that are con- 
erete. Cruthers, I believe, in one of his essays has dubbed this the 
concrete age. It is that, although Cruthers did not get so far as to 
quote in evidence the modern psychologists and very realistic psy- 
chiatrists. 

The life of Christendom was said to show, besides adaptation 
and liberation, moral experience and growth involving struggle and 
disaster but also attainment or arrival. I propose, then, to explain 
this by telling a very simple story—for the concrete-minded. A 
story, even when as true as this I am to tell, may be not without 
pleasant relief for everybody. Only now I would that some twen- 
tieth century John Bunyan would take up the narrative for me. I 
can merely indicate the opportunity that certainly awaits some 
capable raconteur. 

Well over nineteen hundred years ago Christian set out on his 
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long and arduous journey through the centuries and no ordinary 
journey has been his. Adventure after adventure befell him as }, 
passed from one country to another, from one outlook on the wo) 
to another. Over and over again body and mind and charaet 
were assailed. With every discovered opportunity came dano 
often extreme disaster. Suffering was his portion with every 
accomplishment. We of to-day in our own despair, seeing misery 
in so many parts of the world, complacent prosperity and inact rn 
our post-bellum pacifism, in other parts, might well take couray: 
from his example. So often he fell prostrate and it was as if hy 
would never rise. As often he was seen again up and on his way 
Were I speaking in dream or allegory I might tell of meetings wit} 
Pliable and Timorous and Mistrust, with Ignorance and Blindma: 
Violence and Love-Lust, with Breed-Hate and See-Red, wit 
Faith also and Knowledge, with Persistence and Do-Well and 
Never-Die, and with many others, some delaying and misleading 
some instructing him wisely, inspiring him with new vision and set- 
ting him on his forward way. My tale, however, is no such imagi- 
nary one, albeit skilful fiction might better serve my present pu 
pose. Real characters were met by Christian, well-known kings 
and emperors, popes, great soldiers, bankers, artists, thinkers—such 
as St. Augustine, Galileo, Darwin, William James—and leaders of 
all kinds. In each group, I may go so far as to say, some were fol- 
lowers of On-Mischief-Bent, some of Do-Right and Know-the-Trut! 
and not always did Christian keep the better company. Whenever 
new vision came to him and new adventure opened he always found 
himself between license and freedom and, as we to-day can well un- 
derstand, was hard beset to know the real difference, often mistak 
ing one for the other. He came, for a conspicuous example, to t! 
time of the brilliant, over-lighted Renaissance, a tragic time for him 
morally, a tense one intellectually, as potent with danger as wit! 
hopeful adventure. I have often to wonder how he ever survived 
Most corrupt popes and Macchiavellian princes were against hil 
Cunning intellectuals bewildered him. Cynical candor assailed t! 
faith and courage that had been his. A sensuous literature 
trigued him. Still, at one time helped by reading Dante’s story ‘ 
the development of a human soul and his beautiful sublimatio1 
romantic love and at another, when in despair he had stopped 
one of the great churches, hoping for quiet if not for real sup} 
by a glimpse of fair nature through an opened window, and, ag 
inspired by Galileo’s heavens that anew declared the glory of © 
he did manage in each instance to take up his pilgrimage and Pp! 
ceed on his forward way. Then, near the very end of his journ’ 
which apparently could not be very far from our own time, 1s 
plight was once more a sorry one, far sorrier indeed than it had 
ever been before. Break-Things tempted him. Be-Normal! 
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Stop-Thinking—here I have to be allegorical—actually bound him 
for a time hand and foot. But, whether with good warrant I shall 
not try to say, he did gain hope and determination for real freedom 
and progress from his memories of the deliverances which had been 
his so many times before. 

There is a dramatie story for some skilful narrator. But enough 
now if you see in Christendom’s journey through the centuries, not 
a mere ordinary history of one thing or another, but a spiritual 
pilgrimage with adventure and abundant disaster yet with accom- 
plishment also. A spiritual pilgrimage, I have said, and at once 
somebody may wonder. How may we speak of a spiritual pilgrim- 
age, at all analogous with that recounted so wonderfully by Bunyan 
as ‘‘from this world to that which is to come,’’ if the materialism, 
the naturalistic, scientific realism of our time be the goal at which 
Christendom has arrived? Bunyan’s Christian journeyed from 
earth to heaven, but Christendom, our Christian, as theology has 
gradually given place to scientific anthropology and intimate psy- 
chology, has journeyed apparently from heaven to earth. The 
question, then, is a fair one, as fair as natural, and of course it 
only brings back our persistent problem, the problem of the last 
coat: Is anything of Christendom’s great past left? Is there any- 
thing spiritual, is there any spiritual gain in the sensuous realism 
of our day? In reply I only repeat from above that such realism 
has not always been in bad company. In due time it may be pos- 
sible to say more. Suffice it now that Bunyan himself, as Christian 
enters heaven, has much to tell of the white robes of the angels, the 
shining glory, the sweetly ringing bells and wondrous music, the 
harps and crowns, and the real and sensuous magnificence gener- 
ally. There was realism in very truth. With all that sensuous and 
realistic magnificence, too, with the glare of gold and the wondrous 
music I somehow have to connect the words with which the seven- 
teenth century narrator woke from his dream: 

**Then I saw that there was a way to hell even from the gates 
of heaven.’’ 

That, however, is another side of the story and I conclude my 
immediate reply to the questioner by indulging in a glittering and 
rather pious generality. For any one with a real faith truth ean be 
the only way of life and heaven only a name for reality as the truth 
may reveal it. After all, for good or for ill, nothing can shine like 
reality and the shining realism of our day, the gold and the music, 
the sensuous reality generally, whether presenting heaven or re- 
vealing a way to hell, could hardly be expected to be such as Bun- 
yan knew three centuries ago. 


(To be concluded) 
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INFLUENZA AND THE WEATHER IN THE 
UNITED STATES IN 10918! 


By Dr. ELLSWORTH HUNTINGTON 
YALE UNIVERSITY 


AsivE from the Great War the influenza epidemic of 1918 was 
perhaps the most terrible calamity that has afflicted the world sine, 
the Black Death of the fourteenth century. The main epidemi 
has, as usual, been followed by minor epidemics, first a few months 
later, and then in each succeeding winter. There is real ground 
for the fear expressed by Sir Ronald Ross, the famous student of 
tropical diseases, that if influenza continues unchecked it may ulti- 
mately harm northern countries as much as malaria harms those of 
lower latitudes. 

In studying influenza two of the important questions which con- 
front the investigator are: Why does the disease break out so sud 
denly at certain times? Why does it vary so much from city 1 
city ? 


As to the first question, no conclusive answer is yet availabl 
Apparently, something occasionally stimulates the bacteria which 


cause influenza, and then for a few weeks or years they acquire ex 
traordinary virulence. The stimulus may be in the external er 
vironment; or perchance all living organisms have fundamental 
physiological rhythms which cause them alternately to be strong 
and weak. The variations in virulence may possibly be du 
changes in man’s power of resistance. People may become suscep 
tible to the disease because of their environment, or because between 
one main epidemic and the next there is time for them to lose what 
ever immunity they have acquired through having the disease or 
through carrying its germs, even though the germs never produc 
illness. Another possibility is that the severity of epidemics 
pends in part on the accidental coincidence of the rhythms of two 
or more kinds of bacteria. Still other possibilities might be men 
tioned. Many students are studying the problem, and some day 
we shall have a solution. As yet, however, we do not know what 
stimulates the influenza bacteria to pernicious activity; and hene 
we have no means of knowing when a new epidemic will appear © 
of estimating how severe it will be when once it has stricken us. 
Concerning the variations in epidemies from place to place, 
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1 Based on the work of the Committee on the Atmosphere and Man of | 
National Research Council, a full report of which is published by the councu. 
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know, for example, that during ten weeks at the time of the main 
epidemic of 1918 Philadelphia had a death rate from influenza and 
the resultant pneumonia four times as large as that of Milwaukee. 
The death rate in Pittsburgh was twice as great as in the neighbor- 
ing and similar city of Cleveland. Till recently, however, we have 
had no conclusive evidence as to why such enormous variations take 
place from city to city. Certain new and important possibilities, 
however, have now been opened up by the work of Professor Ray- 
mond Pearl of the School of Hygiene and Public Health at The 
Johns Hopkins University and by the subsequent investigations of 
a Committee on the Atmosphere and Man appointed by the National 
Research Council. These investigators have compared the destruc- 
tiveness of the influenza epidemic of 1918 in the large cities of the 
United States with the following factors: 


A. Factors of human environment (demography). 
1. Age distribution of the population, that is, the relative number of 
inhabitants of various ages. 
2. Ratio of the sexes, that is, the number of females for every hundred 
males. 
3. Density of the population (number of persons per acre within the 
city limits). 
4. Rate of growth from 1900 to 1910. 
B. Factors of geographical position. 
5. Distance from Boston where the epidemic began. 
6. Longitude. 
7. Latitude. 
Physiological factors represented by the following normal death rates in 
1915, 1916 and 1917. 
8. All causes. 
9. Pulmonary tuberculosis. 
10. Organic diseases of the heart. 
11. Nephritis and acute Bright’s discase. 
12. Typhoid fever. 
13. Cancer and other malignant tumors. 
D. Racial factors. 
14. Percentage of negroes, 1920. 
15. Percentage of foreign born, 1920. 
E. Industrial factor. 
16. Percentage of population engaged in manufacturing, 1919. 
F. Climatic factors. 
17. Mean temperature for day and night. 
18. Change of mean temperature from one day to the next. 
19. Absolute humidity, or actual weight of water vapor per cubic foot 
of space. 


Q 


9 


20. Relative humidity, or percentage of possible water vapor. 

Weather—a combination of Nos. 17-20. 

Climatic energy—the energy or vigor that the general climate would 
be expected to give on the basis of the measured work done by 
factory operatives and students under different weather con- 
ditions. 


» 
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Directly or indirectly these 22 factors embrace most of t} 
ditions which may have been effective in causing people’s powe; 
resistance to the epidemic to vary from city to city. Sanitati 
medical practice, however, fail to appear in the list becaus: 
degree of excellence can not easily be expressed in figures. But the 
death rate from typhoid fever is generally supposed to be an w 
ally good measure of sanitary efficiency, while other death rates aye 
in most places a fairly good index of the excellence of the medic: 
service. Almost the only important fields which the factors do ; 
cover is that of variations in the disease-bringing bacteria so f, 
such variations are due to causes not included in our table. Whe, 
all these various factors are investigated by means of the most ex 
and delicate mathematical method yet known, the only one whic! 
shows any conclusive causal relation to the destructiveness of this 
particular epidemic is the weather. 

Let us review the steps by which this surprising conclusion has 
been reached. The method which has been employed is one of the 
great triumphs of mathematics. It is called partial or net corr 
tion. The labor involved in this method is most arduous, but th 
results, when it is properly used, are beautifully clear and simp\ 
The gist of the matter is that a complex phenomenon like variations 
in the death rate from influenza may be due in part to any on 
many causes. Only to a very limited degree can we experiment 
see which causes are effective, for man is too precious to be saci 
ficed lightly. Yet if we are to discover how to prevent or mitigate 
future epidemics, it is essential to obtain the facts which could be 
discovered by experiments. The essence of such experiments is that 
one of the conditions which may cause the differences should be 
allowed to vary, while the rest are kept constant. The observed 
variations in the death rate can then be easily compared with the 
variations in the condition which the experimenter is investigating. 
The method of partial correlation acts like such an experiment. It 
allows the mathematician to determine the effect that any one con- 
dition would have if all the others were kept constant. An illustra- 
tion will make the matter clear. 

Suppose that you wish to know what conditions really determine 
the speed at which you drive your automobile. You can try ex 
periments, or you can keep for each mile a record of the conditio! 
that are presumably important, including (1) number of minutes 
per mile; (2) roughness of the road on a scale from 1, very smooth, 
to 10, very rough; (3) number of vehicles per hundred square feet 
of roadway, which is more important than per hundred linear foot 
(4) number of traffic policemen; (5) number of cross streets; (' 
size of the city or town in which lies the given mile of road; and (7 
width of the road. 
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At first thought one is inclined to say that the time per mile is 
increased by each of the other conditions mentioned above except 
wide roads. Partial correlations will show that this is not true. A 
rough road and the presence of many vehicles do, indeed, always 
tend to increase the time per mile. But if you are absolutely posi- 
tive that there is no traffic either on your road or on the cross 
streets, if there are no traffic policemen, and if the road is smooth 
and wide, you drive as fast where there are many cross streets as 
where there are few. The size of the cities and towns is equally in- 
effective. You drive as slowly in the center of Rochester as in the 
center of New York, even though New York is nearly twenty times 
as large. That the size of the city is not in itself a determinant of 
your speed you can judge by driving through the streets of a big 
city and a little one at three o’clock in the morning. You go as fast 
in the big city as in the other, provided all the other conditions are 
kept constant. 

But surely the wider the road the greater the speed. No, for 
city streets are almost invariably wider than the paved part of state 
roads out in the country. Yet on the narrow country road you 
drive thirty miles an hour with safety, whereas on the wide city 
street you often go no more than ten. If there were no traffic and 
no cross streets, you would not care whether the roadway was wide 
or narrow. 

How about the policeman? Does he slow you up? Analyze 
your data by means of partial correlations. You will find that what 
chiefly checks you in the vicinity of policemen is the cross streets 
and the traffic, but the cross streets are important only because they 
carry traffic. If there is no one on the road, the policeman signals 
to you far away, and you pass the crossing almost without slowing 
down ; if the traffic is heavy, the policeman prevents it from getting 
tied up. In the long run the policeman actually causes you to make 
better time than you could if he were not there. An analysis of 
your data by the method of partial correlation would be as conclu- 
sive as a series of experiments in showing that the really important 
factors are first, the roughness of the road and the number of vehi- 
cles per hundred square feet, both of which cut down your speed as 
they become more pronounced; and second, the policemen who in- 
crease your speed as well as your safety. The cross streets, the 
size of the towns, and the width of the road assume importance only 
through their relation to the volume of traffic. 

By means of this precise mathematical method Professor Ray- 
mond Pearl of Johns Hopkins University has compared certain en- 
vironmental conditions with the destructiveness of the influenza 
epidemic in 34 large cities of the United States. The first number 
in each line of Table II is the correlation coefficient between the 
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destructiveness of the epidemic during a period of 25 weeks aya 
the condition named in that line, all the other conditions in the t» 
being held constant. The second figure in each line shows the ra 
between the correlation coefficient and its probable error. [{ ; 
second figure is between three and four it suggests a relations| 
if it rises as high as four it probably indicates a real relations| 
but does not prove it; while if it is more than six, the reality of ; 
relationship is established almost beyond doubt, provided 
method is applied correctly. A relationship, however, does 
mean that one condition is the direct cause of the other, but mer 
that they vary together and would give a fairly large correlatio: 
coefficient. But if partial correlations are applied and the numbe; 
of vehicles is held constant, the coefficient for size would fal! to 
than four times the probable error. We shall see that there is 
similar fall in the apparent but illusory relation of the epidemic 
latitude and to the death rates from all causes and from lh 
diseases. 

TABLE I 


Partial Correlation Coefficients between Death Rates from Influenza a 
monia for Ten Weeks in 1918 and each of six Environmental Conditi 
when the other five Environmental Conditions are held constant 
Ratio of Coefi 
Coefficient to Probabl 
(1) Age distribution of population... 0.132 
(2) Sex ratio of population a 0.161 
(3) Density of population per acre......... 0.163 
(4) Latitade of city__£_£_..._._................ — 0.404 
(5) Longitude of city. ‘ — 0.133 
(6) Rate of growth, 1900 to — 0.083 





On the basis of this table, as Dr. Pearl puts it: ‘‘It can be safel) 
asserted that in the determination of the variation among these 34 
large American cities in respect to the excess mortality due to t! 
epidemic, the age and sex distribution of the population, its degre 
of crowding, its rate of recent growth, and its distance west 
the Atlantic seaboard played no appreciable part whatever.’’ Lat 
tude, on the other hand, seems in this table to play a signifi 
part. The minus sign of its coefficient means that low latitude was 
associated with a high death rate. But latitude can affect people s 
health only through climate, or through some other condition w! 
is influenced by climate. Professors Winslow and Grove have show 
that the normal death rate is the factor through which latitude anc 
climate appear to be related to the epidemic, for when the nor 
death rate is held constant, the apparent effect of latitude disap- 
pears. 

Having found no cause for geographical variations in influ 
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along these environmental lines, let us consider another set of cor- 
relations carried out by Professor Pearl. In Table III the destruc- 
tiveness of the epidemic is correlated with each of several normal 
death rates, while the others are held constant. 


TABLE II 
Partial Correlation Coefficients between the Death Rate from Influenza and 
Pneumonia for Ten Weeks in 1918 and Six Normal Death Rates from 
Various Causes, When the Other Five Normal Death 
Rates are held constant 
Ratio of Coefficient 


Coefficient to Probable Error 
(1) Death rate from all causes......... . 0.405 42 
2) Death rate from pulmonary tubercu- 
losis . 0.279 26 
) Death rate from organic diseases of 
the heart 0.587 6.6 
4) Death rate from nephritis and acute 
Bright’s disease , — 0,008 0.1 
(5) Death rate from typhoid fever . —0.138 1.2 
6) Death rate from cancer and other 
malignant tumors . plein 0.268 95 


Here, as in the other table, it is clear that most of the normal 
death rates had nothing to do with the severity of the epidemic. 
The populer view that the presence of tuberculosis rendered a popu- 
lation especially liable to the epidemic is shown to be false by the 
fact that the ratio at the end of line 2 is only 2.6, too small to be 
significant. If the popular view were true, New Orleans, Cincin- 
nati and Baltimore would have been especially great sufferers from 
the epidemic, while Grand Rapids, Milwaukee and Rochester would 
have suffered least. As a matter of fact, Pittsburgh, Nashville and 
San Francisco had the highest mortality from the epidemic during 
the whole of the winter of 1918-1919, and Grand Rapids, Toledo 
and Indianapolis the lowest. In the same way, if the death rate 
from typhoid fever is as good an index of sanitary conditions as is 
generally supposed, the low figures in line 5 ‘‘bear out in precise 
mathematical terms what was obvious to the thoughtful and eandid 
observer at the time of the epidemic, namely, that the severity with 
which a city was hit by the epidemic bore no relation to its general 
sanitary status or to the efficiency of its health organization.’’ 
(Pearl). During the normal years, 1915, 1916 and 1917, Nashville, 
New Orleans and Atlanta showed the worst record from typhoid, 
while the best places were Cambridge, Boston and Chicago, all of 
which, and especially Boston, were very hard hit by the influenza. 

On the other hand, the large figures in lines 1 and 3 suggest 
that where the death rate from all causes is normally high, as in 
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New Orleans, Albany and Baltimore, and especially where +h, 
population is especially liable to organic diseases of the heart, as j; 
San Francisco, Washington, Albany and Boston, the influenza e. 
demic tended to be unusually fatal. Does this mean that in gye 
places the population has some peculiar physiological characte) 
istics whch render people susceptible to disease and especially { 
heart disease? Or does it mean that where there is a high deat) 
rate, especially from heart disease, there also happened in the ; 
of 1918 to be some other condition which allowed the epidemic to 
be unusually severe? The only conditions not yet considered which 
seem likely to be of importance and for which data are availa} 
are the percentages of foreign born, colored and factory workers i 
the population, the climate and the weather. All but the last 
these are eliminated as soon as partial correlation coefficients ar 
applied. 
TABLE III 


Correlation Ratios between Death Rate from Influenza Epidemic ar 
Weather Conditions 


I II ITI IV 


Days before Change of 

or after Tempera- temperature Absolute 

onset of ture from one humidity 

epidemic day to next 
70-61 before 1.0 4.2? 2.0 
60-51 = 0.9 1.7? 3.6 
50-41 1.6 2.9? 3.6 
40-31 2.2 1.5? 1.6 
30-21 6.6" — 0.6? 8.0 
20-11 6.8" —1.1’ 10.4 
10-1 4.8 — 0.67 7.0 


) 


ff 


0-9 1.4 
10-19 1.4 


; 


30-39 8.1 
40-49 3.4 


) 


1 
1 
20-29 2.6 5 2 
6 
4 


vf 
{ 


There remains, then, only the weather. In order to test it 
the Committee on Atmosphere and Man carried out a further i 
tigation. For 36 large cities in the United States they took t 
death rate from influenza and pneumonia during the ten weeks su 
ceeding the outbreak of the epidemic in each city. These ten weeks 
cover the first and in most places much the more important ou! 
2 Full data are available for only 32 cities, but for four cities the 
data for neighboring cities have in some cases been used as indicated | 
reference; namely, New York for Newark, Boston for Cambridge, St. P 
Minneapolis, and Providence for Fall River. The results are pra 
same whether 32 or 36 cities are employed. 
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break. The committee also obtained data as to the temperature, the 
relative humidity, the absolute humidity and the change of tem- 
perature from one day to the next. These weather data were tabu- 
lated for periods of ten days beginning 70 days before the onset of 
the epidemic and continuing 50 days thereafter. The results ap- 
pear in Table IV where, for convenience, only the ratios between 
the correlation coefficients and their probable errors are given. A 
minus sign before the ratio means that the sign of the coefficient is 
negative, or in other words that when deaths from the epidemic 
were numerous the indicated weather condition tended to have a 
low value. 

This table is full of interesting facts. Previous to the thirtieth 
day before the epidemic there is evidence of no strong relationship 
between any weather condition and the destructiveness of the influ- 
enza. During the 30 days just before the onset of the epidemic, 
however, the temperature and especially the absolute humidity 
show a strong relation to the succeeding death rate. This means 
that if the weather was warm during the month before the influ- 
enza reached a city, the death rate was high; if the amount of 
moisture in the air was great, the conditions were still worse. At 
Boston, for example, from the twentieth to the eleventh days before 
the epidemic the temperature was higher than during the corre- 
sponding period in any other cities except New Orleans, New York 
and Los Angeles. This was because the epidemic broke out in 
Boston earlier than anywhere else. In places like St. Paul, Toledo 
and Grand Rapids, where cool and fairly dry autumn weather pre- 
vailed for a month before the epidemie, it apparently gave people a 
certain degree of stored-up vigor which stood them in good stead 
and warded off the ravages of the disease. If the temperature was 
variable, as it was in Cleveland, Columbus and Richmond, and 
especially if it fell during the ten days after the onset of the epi- 
demic, the death rate was lower than where the contrary conditions 
prevailed, as appears from the high negative coefficient in column 
III. On the other hand, high relative humidity and damp air dur- 
ing the ten days before the onset, as appears in Column V, were 
associated with a relatively high death rate. Cambridge, New 
Haven and New Orleans suffered most in this respect. Such condi- 
tions perhaps made it easy for the bacteria to be transmitted. 
Droplets of water in the air may act as carriers of the bacteria, or 
may preserve their virility. 

From the tenth to the thirtieth days after the onset of the epi- 
demie the virulence of the bacteria was apparently so great that 
the state of the weather made no difference in the death rate. The 
vigor stored up from a previous period of good weather, however, 
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was clearly of great value, but the immediate weather eo) 
were not able to overcome the sudden and sweeping charact: 
infection when once it was started. After the thirtieth d. 
came another change, and the figures in the columns for te 
ture and absolute humidity again rise high. This was th 
when in most places the disease reached its maximum and by 
decline. At that time cool and moderately dry weather onc 
was associated with a low death rate. This does not nec 
mean that cold weather is favorable at the time of an epide: 
fact, quite the contrary may be the case, for very low tem 
may be as bad as high. Labrador suffered greatly in the « 
of 1918. 

Let us now put all the conditions of weather together, a: 
pare their relation to the epidemic with that of four othe: 
namely, climate and the following normal death rates: 
causes, from organic diseases of the heart and from 
tubereulosis. A figure for the weather has been obtained | 
ing the sum of the squares of the departures of the four 
in Table IV proportional to the square roots of their corr 
coefficients with the epidemie during the time when th 
to have been effective. For climate we will use what I hav 


nel 


climatie energy, that is, the degree of activity, vigor an 


which any given climate appears to impart. This has be 
mated on the basis of the measured work done by factory ope 
and students in different kinds of weather. The results o 
parison of each of these five factors with the destructiveness \ 
influenza, when the remaining factors are held constant an 
eliminated, are given in Table IV. 


TABLE IV 


Partial Correlation Coefficients between Death Rate from Infi 
monia for Ten Weeks in 1918 and Five Variable Ci 
which may have had an Effect on that Death R 
Ratio 
Coefficient to Pro! 
Death rate from tuberculosis........................... —— 0.099 
Death rate from all causes 1. eee 0.271 
Death rate from heart diseases.......................... 0.306 
Climate , 0.202 
Weather ...... aa Gadd ileus : 0.570 


The meaning of this table is clear. When the factors wh 
been supposed to cause the influenza to differ in severity Ir 
to city are analyzed according to the method of partial corré 
only one proves to have any unequivocal connection wit! 


matter. That one is the weather. In this particular epidemi 
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most fortunate cities were those in which during the month before 
the onset of the disease and during its crisis the thermometer had 
fallen fairly low after the heat of summer, but not low enough so 
that people began to feel cold or to need regular fires in the fur 
nace. Dry air when the bacteria were first spreading and a drop of 
temperature immediately thereafter seem also to have been he Ipful. 
Data from other countries seem to support this conclusion. At any 
rate, so far as statistics are available, they show that India, Mexico, 
South Africa and other countries with relatively warm relaxing 
weather at the time of the epidemic, had enormous death rates from 
influenza compared with those in the United States; while eastern 
and southern Europe with their more monotonous weather suffered 
much more than western Europe. The degree of progress among a 
people and their regard for the ordinary rules of sanitation doubt- 
less played an important part. But that part is probably smaller 
in a violent epidemic than in most diseases, as we may judge from 
the fact that typhoid fever shows no relation to the destructiveness 
of the epidemic in the United States. All this does not shed light 
on the perplexing problem of how epidemics arise and how the bac- 
teria can be prevented from attaining the sudden virulence which 
is the most puzzling factor of all great epidemics. But it does sug- 


gest the favorable conditions of the air were the greatest factor yet 


detected in helping the people of the cities of the United States to 
ward off the influenza in the fall of 1918. 
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NATURE AND ART 


By Professor I. W. HOWERTH 


COLORADO STATE TEACHERS COLLEGE 


CorRECT conceptions of nature and art, of their essential cha) 
acteristics, the difference between them and their relations to ea; 
other are the foundation of a sound scientific social philosop} 
Such conceptions are plainly necessary to a correct understand 
of the function of mind in the cosmos, and to the perception and 
progressive realization of the possibilities of intelligent action 
directing and accelerating the march of social events. I purpos 
to show, therefore, the scope of the world of nature and the world 
of art, the real distinction between them and how they are related 
and to point out some of the social implications of such distinction 
and relation. 

First, however, as to the meaning of the terms employed 

The word ‘‘nature’’ is used chiefly, of course, in two senses 
First, it is employed to denote the sum total of all things. It is t! 
made to include art. In a well-known passage Shakespeare says 


Nature is made better by no mean, 
But Nature makes that mean; so, over that Art 
Which, you say, adds to Nature, is an Art 
That Nature makes. 

And again, 
esse es es es « >) Oe BD oe ot 
Which does mend nature, change it rather, but 
The art itself is nature.1 


This, of course, is not the sense in which we shall employ 
the term. 

Secondly, it is often if not usually restricted in its application 
to the phenomena that are altogether independent of human inte! 
ligence, that are due to the operation of purely natural forces and 
subject only to purely natural laws; as, for instance, voleanic erup 
tions, earthquakes, storms, floods, ocean currents, tides, winds, cloud 
movements, the growth of plants and animals in a state of nature, 
ete., ete. It is in this restricted sense, with certain extensions t 
be seen later on, that we propose to use the word nature. 

The word ‘‘art’’ is also used in more than one sense. In teleolog- 
ical parlance the deity is ‘‘The Great Artificer’’ and ‘‘The Author 


1‘*Winter’s Tale,’’ Act IV, Se. 4, lines 89-97. 








SES, 


ays 





NATURE AND ART 473 


of all things. ‘‘ All things were made by him, and without him was 
not anything made that was made.’’ In this view, ‘‘all things are 
artificial, for nature is the art of God.’ So the poet, Young, in 
‘Night Thoughts’’ (‘‘Night’’ LX, line 1267), declares. ‘‘the course 
of nature is the art of God’’; and Pope proclaims, ‘‘ All nature is 
but art unknown to thee,’” ete. 

Again, the word ‘‘art’’ is employed as if it applied only to 
poetry, painting, music, sculpture, ete., the so-called ‘‘fine arts.’’ 
This is, of course, a purely conventional, not the scientific, sense 
of the word. For it is obvious that it applies also to the handi- 
crafts, the making of things by tools and machines, to agriculture, 
ete., that is, to the mechanical and industrial arts. Properly speak- 
ing, then, art includes all these forms of activity, and it is in this 
broad and inclusive sense that the word will be employed through- 
out this discussion. 

To appreciate the full scope of art, however, we must note care- 
fully the distinction between art and ‘‘the arts,’’ or, preferably, 
between art and ‘‘an art.”’ 

An art is a combined and coordinated system of human (arti- 
ficial) activities continuously pursued and resulting in the produc- 
tion of such commodities or the rendering of such services as may 
secure for it a social sanction. Obviously, many such activities 
never become an art. And yet, every art must have its beginning in 
an artificial phenomenon, and a true definition of art must be broad 
enough to include every phenomenon of this kind. We have defined 
it as “‘the endeavor to realize an idea, ideal or purpose through the 
conscious employment of means.’”* 

Art, then, as we shall employ the term, embraces every form of 
action involving a conscious purpose and a means of achieving it. 
Nature and art taken together thus include the entire phe- 
nomenal world. 

Considering nature, then, in the narrower sense of the word, and 
art in its broadest sense, what is the true distinction between them? 

Professor Huxley suggested the distinction in a general way in 
a passage which reads: 

In the strict sense of the word ‘‘nature,’’ it denotes the sum of the phe 
nomenal world, of that which has been, and is, and will be; and society, like 
art, is therefore a part of nature. But it is convenient to distinguish those 
parts of nature in which man plays the part of immediate cause, as some thing 
apart; and, therefore, society, like art, is usefully to be considered as distinct 
from nature.5 


2Sir Thomas Browne, ‘‘Religio Medici,’’ Pt. XVI. 

8’ Essay on Man, EP. I. L. 289. 

*See ‘‘The Art of Education,’’ New York, The Macmillan Co., 1912, p. 2. 
‘Huxley, T. H., ‘‘Evolution and Ethies,’’ New York, 1911, p. 202. 





THE SCIENTIFIC MONTHLY 


ut the distinction drawn by Professor Huxley is not, pe, 


was not meant to be, altogether accurate. He introduces a 
term, society, and writes as if society belonged neither to 


nor to art, whereas it belongs to both. For the purposes 


discussion the distinction must be more clearly stated. 

To perceive the distinction between two complexities we ; 
them to their simplest terms. To the two now under conside: 
if anywhere, we may apply the principle uno disce omnes. 
then, by examining, first, a simple natural, and then a sim) 
ficial, phenomenon, endeavor to see exactly what different 
one from the other. Take, say, the flow of a river throug 
developed country. All will agree that this is a natura! 
enon. A form of matter, water, moves along in the lin 
resistance in obedience to the natural law of gravitation, its 
and windings being determined by the general topograph: 
country and the friction of the river on its bed and banks. 
effort and intelligence have absolutely nothing to do with 
purely a phenomenon of nature. Now, let us suppose the w 
this river, or a part of it, to be diverted by causing it 
through a ditch or a flume for the purpose of irrigating 
We now have the same phenomenon with a difference, th 
ence consisting wholly in the introduction of a means, the « 
flume, and a purpose, irrigation. The phenomenon has now 
plainly artificial. A means and a purpose, then, added to or 1 
with a natural phenomenon make it artificial. That is 
difference between a natural and an artificial phenomenon, 
the difference between two such phenomena is the differ 
tween all, wé have here the true distinction between natur 

So far, the discussion is simple and elementary. But so1 
ther illustration may be necessary to make the distinction clk 

Suppose, then, that water is lifted from the river in the 
of the hand with the object of quenching the thirst. Here i 
involving means (the hand) and a purpose. Is it to be regard 
a part of nature or a part of art? That depends upon whi 
draw the line with respect to means. It must be arbitrarily d: 
for there are no exact lines of demarcation in this universe of 
tesimal gradations. Let us limit our conception of means, 
things external to the organism or agent. In the case just 
no means is employed other than nature’s means, that is, a part 
the organism, the hand. Nothing mediates between the acto! 
the object, the force is directly applied. It is ‘‘direct action,’’ 
this direct method of conation is characteristic of natur 
act, then, must be regarded as belonging to nature. 

Suppose, again, that in the endeavor to carry water throug! 
ditch or flume in a settled country, some of it escapes and da! 


1 
} 


1 
+) 
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somebody’s property. What kind of phenomenon is that? It is 
a natural phenomenon, for intent or purpose is wanting. It is an 
incidental effect of purposive action, and belongs to the purely 
natural as much as if man had nothing whatever to do with it. 
What of the carrying of sand and gravel and depositing them upon 
the field to be irrigated? That, also, is a natural phenomenon and 
for the same reason, namely, the absence of purpose. 

Nature, then, includes not only such phenomena as those with 
which man has nothing to do, but also all those phenomena that are 
due to his action but in which either of the two elements, means and 
purpose, is wanting; that is to say, all incidental and unintended 
results of man’s action, and all purposeful actions performed by the 
direct method of conation. These two classes of phe nomena cover a 
wide field. They include the major part of ‘‘social’’ phenomena. 

Nature is self-active, and, as nature as a whole is regarded as a 
process of becoming, we say that natural phenomena are genetic, 
from the Greek verb Tenos, whose root meaning is to become. Art, 
however, is always telic, ( TeAos, end), that is, it is always aimed 
at something; it is purposive. But, as has just been shown, not all 
telie or purposive action belongs to art. From art must be ex- 


eluded, generally speaking, all telic phenomena in which the direct 
method is employed; that is to say, the achievement of a purpose 
without the conscious employment of means. In other words the 
distinction between nature and art is not the same as the distine- 
tion between genetic and telic, or as that between nature and man, 
or nature and society. The exact scope of nature and art and the 
line of cleavage between them may be roughly suggested by the 
following figure. 
_ —_ - B 


es Action employing the direct method, and the incidental 
unintended effects of telic action. 


1 


GENETIC 
\ 


C a a : D 


Let the parallelogram A, B, C, D, represent the entire phenom- 
enal world. We may then draw the lines G, H, to separate genetic 
trom telie phenomena, and the line E, F, so as to include within the 








476 THE SCIENTIFIC MONTHLY 


rectangle E, F, G, H, those phenomena in which man plays a part 
but which are either incidental to his purpose, or, while telic o 
purposive, are yet performed by the direct method, that is, withoy: 
the conscious employment of means. The rectangle E, F, C, D. w; 
then cover the realm of Nature, and that of A, B, E, F, the realm 
of Art. Presented in a diagram the matter will appear as follows 


Spontaneous. 


! Genetic 

Genetic { Incidental to telic action 
Natural 4 

| Telic, but employing the direct met} 

\ conation. 


Telic, employing the indirect method 
conation. 


| 
Phenomena } 


Artificial { 


The figure and diagram are, of course, somewhat misleadi) 
for art and nature can not thus be so neatly separated. They an 
always found together. For, as Emerson said, while ‘‘nature in th: 
common sense applies to essences unchanged by man, space, the air 
the river, the leaf; art is applied to the mixture of his will wit! 
same things, as in a house, a canal, a statue, a picture.’’ Thus, art 
he says, is ‘‘nature passed through the alembic of man.’” But 
some such diagram may be an aid to the conceptions we have tried 
to set forth. 

Now, as art always implies a means and a purpose, it is synony 
mous with intelligent action, and we may safely say that it lies 
wholly within the realm of conscious human action. Physical na- 
ture simulates art to some extent. It utilizes all the mechanical 
principles, save perhaps the wheel and axle. There are more or less 
authenticated instances of animal action that simulates art; the us 
of stones and clubs by some of the higher apes, for instance. Th 
solitary wasp has been observed in the act of tamping the ground 
over its eggs with a small stone held in its mandibles. Ants, bees, 
beavers, etc., are said to ‘‘ply their arts.’’ All such cases, however 
should probably be relegated to instinct, and instinctive action is 
always a natural phenomenon, since it is action without a conscious 
purpose. At all events, we shall not be far from the truth if we 
regard art as belonging wholly to the human realm (not coex- 
tensive with it, however), and turn now to consider its true rela 
tion to nature. 


6 See Ward, Lester F., ‘‘ Dynamic Sociology,’’ Vol. II, pp. 103-106. W 
says, ‘‘ Natural phenomena include all genetic phenomena, and direct teleo! 
ical phenomena in addition; artificial phenomena coincide and are strictly 
identical with indirect teleological phenomena,’’ but he does not point out that 
unintended results of telic action belong with natural phenomena and are su! 
ject to the same laws. 

7 Complete Works, Concord Ed., Vol. I, pp. 5, 24. 
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The prevalent conception as to the relation of nature and art 
is, perhaps, that they are antagonistic. Primitive men, observing 
that some natural phenomena were harmful, some helpful, peopled 
the world with bad spirits and good spirits, which they sought to 
propitiate. Thus, early arose exorcism, incantation, prayer, sacri- 
fice and the various other forms of religious ceremony addressed to 
such antagonistic spirits. Later, either by an inference from the 
political organization existing at the time, or from the mental tend- 
ency of man to integrate his conceptions, possibly from both, there 
arose the idea of two great and ruling antagonistic powers or prin- 
ciples operating in the world. Almost all the great religions give 
evidence of this view. In the Ancient Persian religion, for instance, 
we find Ahriman the God of Evil, and Ormuzd the God of Good; 
in the Hindu religion, Vishnu and Siva; in the Egyptian, Osiris 
and Typhon; and among the Christian nations, God and Satan, and 
the conception of good and evil principles. Evil is usually attrib- 
uted to nature, including man’s nature. Man, it is said, is prone 
to evil, ‘‘born unto trouble, as the sparks fly upward.’’ By nature 
he is wayward and sinful. The spiritual man is at war with the 
earnal, i.e., the natural, man. Conscious moral effort, then, that is 
art in the field of ethical action, should be constantly directed 
towards checking man’s evil tendencies, that is, to antagonizing 
nature as manifested in him. Repression thus becomes the object 
of the moral life. Man arises, civilization advances, in proportion 
to man’s success in opposing nature. This is the prevalent reli- 
gious view. 

Science has done something, too, to encourage this theory of 
antagonism between nature and art. It has revealed and empha- 
sized the fact that there are, indeed, opposing forces and principles 
in nature—gravitant and radiant forces, attraction and repulsion, 
heredity and variation, growth and decay, imitation and invention, 
ete., and it admits, of course, the existence of good and evil. It 
has made much, too, of the fact of universal struggle, without which 
nothing could exist either in nature or in art. For these and like 
reasons the idea has developed that nature and art are antagonistic. 

Curiously enough, this theory of antagonism received its strong- 
est support from one of the greatest of scientific men. I refer, of 
course, to Professor Huxley who, in his celebrated Romanes lecture 
entitled ‘‘ Evolution and Ethies,’’ delivered in Oxford on May 18, 
1893, took the ground that the ethical process (art) is directly op- 
posed to the cosmic process (nature). He says: 


Social progress means a checking of the cosmic process at every step and 
the substitution for it of another, which may be called the ethical process. . . . 
The practice of that which is ethically best—what we call goodness or virtue— 
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involves a course of conduct which, in all respects, is opposed to t 
leads to success in the cosmic struggle for existence. . .. Let us 
once for all, that the ethical process of society depends, not on 


cosmic process, still less in running away from it, but in combatii 


Antagonism, he declares, is everywhere manifest between 
artificial and the natural.® 

All this, of course, amounts practically to the theological! 
just mentioned, and confirms the prevailing idea of the antago) 
relation of nature and art. 

That this theory, however, is incorrect, or at all events mis\: 
ing, may be shown by considering once more the simple illustrat 
used at the beginning of this discussion with the object of seeing 
just what takes place in the matter of transforming a natura 
an artificial phenomenon. When the water in a river is turned 
a prepared channel in order to irrigate a field, the force of gray 
tion is not combatted, it is merely directed. Such action does } 
even suggest a combat. Nor do we talk of combating a horse, { 
instance, when we are merely driving it; and yet the process is p) 
tically the same as in the former case. The situation is not 
ferent with respect to moral actions, that is to say, in ethics. T 
cosmic process is not opposed to the ethical process, it is altoget) 
passive and indifferent to it. And so nature and art may not p: 


erly be represented as antagonistic. They may appear to be s 
first, but close examination shows that this is a delusion. Goethe ex- 
presses the correct idea in his poem on ‘‘Natur und Kunst 
He says: 


Natur und Kunst die scheinen sich zu fliehen, 
Und haben sich, eh’ man es denkt, gefunden. 
Der Widerwille ist auch mir entschwunden, 
Und beide scheinen gleich mich anzuziehen. 


+} 


Now, since art, as we have said, is practically limited to 
conscious acts of man, we have, in the discussion of the relation 
nature and art, necessarily considered the relation of nature a! 
man. If art and nature are in conflict, then it must be that 1 
and nature are in conflict, and this is almost the general view. W*' 
speak of ‘‘conquering’’ nature. Life, by ancient philosophers 
by the practical men of affairs to-day, is represented as a fight 
‘To live is to fight,’’ said Seneca. Beaumarchais chose for his 
motto, ‘‘My life is a fight.’’ Goethe said: 

Den ich bin ein Mensch gewesen, 
Und das heist ein Kampfer sein.® 


8 Huxley, T. H., ‘‘Evolution and Ethies,’’ New York, 1911, pp. | 
82, 83. 

® This and the immediately foregoing quotations are used by F. G. 
in the ‘‘ Biology of War,’’ p. 36. 
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In an address of the late Secretary of the Interior, Franklin K. 
Lane, he said, ‘‘The one fight, the enduring contest, is between man 
and physical nature.’’ And again, he said, ‘‘this world was made 
for a fighting man and none other.’’ These are but samples of eur- 
rent expressions on this subject. Even followers of the ‘‘Prince of 
Peace’ still speak of ‘‘fighting the good fight of faith,’’ apply mili- 
tary terms to their leaders, call themselves ‘‘soldiers,’’ plan ‘‘eam- 
paigns,’’ and stimulate themselves by singing hymns of ‘‘battle’’ 


c ’ 


and shouting peans of ‘‘victory.’’ The highest encomium of a man 
in publie life pronounces him a ‘‘fighter,’’ and the warrior is still, 
as heretofore, the beau-ideal of mankind. 

All this betrays a singular misapprehension. God and nature 
are not at strife. No more is art and nature, or man and nature. 
The function of man with respect to nature is employment or con- 
trol. And if skilful and ideally effective control of nature’s forces, 
as manifested in the physical, vital, psychic and social world, be 
taken as the standard, the fighter is a fool, for fighting is the least 
intelligent of all methods employed in the control of nature. 

If it be claimed that the representation of life as a fight is a 
mere metaphor, then it should still be said that the metaphor is 
misleading and pernicious, for it tends to excuse and justify the 
war of man against man, and to evoke the raptures which some pro- 
fess to feel ‘‘over civilized human beings crawling about on the 
ground and shooting at one another.’’ 

But let us glance more closely at the relation of art and nature, 
limiting our view to simple illustrations. Consider, for instance, 
the art of invention. Does the relation of the inventor to the force 
or phenomena he wishes to control suggest antagonism? Does his 
procedure imply a fight? The very idea is absurd. What he under- 
takes to do is to fit means to an end, the end being the turning of a 
natural foree, or forces, into channels of human advantage. He 
studies the forces involved and the materials for controlling them, 
and selects the appropriate means. It is the same in all the other 
arts—in agriculture, in legislation and in education—for all the 
arts are of essentially the same nature. 

It is the same, too, in the moral life. Evil is only the result of 
misdirected impulse, passion and propensity. Man’s natural pro- 
clivities are really manifestations of vital and mental forces. They 
are not to be conquered or put down, any more than physical forces 
are to be conquered or put down. They are only to be controlled 
or directed to the achievement of worthy ends. Good and evil are 
alike the result of the operation of natural forces, as much natural 
as the physical forces. These forces may be controlled and directed. 
Good and evil are relative terms. One may be turned into the other 
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by changed circumstances, or by directing the force that gives pix. 
to it into a different channel. Self-control is, therefore. the econ 
of the moral life. : 
Concluding this part of the discussion, we may say that m 
a product of nature. He is a natural outcome of the cosmic prorec 
that is, of evolution. By virtue of his possession of intelligen 
has become a student of nature, and by the application of his j, 
ligence he has in some measure learned to control it. He is. to ; 
extent of his knowledge, its master. But his mastery is 1 
result of a fight against it. Bacon says that we conquer, tha; 
master, nature not by opposing but by obeying her, that is. } 
acting in harmony with her laws. It is foolish to think of fiehtino 
nature. She is not to be fought and conquered but to be studied 
and used. Nature is not opposed either to art or to man. 


Every shape and mode of matter lends 
Its force to the omnipotence of mind. 


There is another theory of the relation of nature and art tha‘ 
deserves at least a passing notice. It is the theory that the whok 
creation centers in man, the darling of the universe; that not only 
were all things in nature created for him, but also that there is 
nature a beneficent agency operating in the direction of his we! 
fare and advantage; it is the anthropocentric theory. 

Although this view is still adhered to by the orthodox in th 
ogy, and has been defended in one of its forms by no less a scient 
authority than Alfred Russel Wallace, the evolutionary explana- 
tion of the various and marvelous adaptations that formerly wer 
regarded as evidence of design in nature, and the numerous dys- 
teleological facts of nature pointed out by Haeckel, Metchnikofi 
and many others have widely discredited it. 

The existence of an active beneficent tendency in nature is nega- 
tived by the facts of everyday observation, as well as by the basic 
principle of all science, namely, the universality and changelessness 
of law. In a flood, fire, hurricane or earthquake, the natural forces 
involved are observed to operate on the line of least resistance, no 
matter what devastation of life and property may result. An 
authenticated exception to this mode of action would not only ce- 
stroy the exactitude of science, but would also introduce uncer- 
tainty into all the practical affairs of men. 

It is strange how long it has taken the world to see that a wo 
of special providence is practically equivalent to a world of chanc 
that the certitude of science is better than miracles; and that ‘‘th 
best of all possible worlds,’’ considered merely as a theater for artt 
ficial action, that is, for the intelligent activities of man, is a word 
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of fixed and unchanging laws. The only sense in which nature is 
anthropocentric is that of its potential utilization. It is beneficent 
only in the sense in which the unused minerals of the earth, uneut 
timber, unharnessed water power, uncultivated soil, unconfined 
steam and uncontrolled electricity are beneficent. It is not nature 
but art that is anthropocentric. 


Strong, simple, silent are the steadfast laws, 
That sway the universe, of none withstood, 
Unconscious of man’s outcries or applause, 


Or what man deems his evil or his good. 


Nature, then, through all its departments is entirely passive 
with respect to art. It is amoral. It knows nothing, it cares noth- 
ing, for man, that is, for art. Good and bad alike, pleasure and 


pain, joy and sorrow, are merely the results of the particular rela- 


tions that man sustains to it. Some look at it and, seeing that it is 
‘red in tooth and claw,’’ ery out against its cruelty. Others, be- 
holding certain beautiful natural adaptations to the needs of man, 
fall into raptures over the beneficence of nature. But nature is 
neither cruel nor kind, neither malevolent nor benevolent. It is 
merely a reservoir of materials and forces which are at the service 
of man. ‘‘Nature,’’ truly said Emerson, ‘‘is thoroughly mediate. 
It is made to serve. It receives the dominion of man as meekly as 
the ass on which the Savior rode. It offers all its kingdoms to man 
as the raw material which he may mould into what is useful.’”” 
What, then, is the true relation of nature to art? It is the rela- 
tion of iron to the moulder and manufacturer; of bricks, stone and 
mortar to the builder; of clay to the potter; of marble to the seulp- 
tor; of seed and soil to the farmer; it is the relation of steam to the 
mechanical and electricity to the electrical engineer; it is the rela- 
tion of means of effort to the only being in the world capable of 
conscious achievement. In short, the relation of nature to art is 
the relation of means to purpose. Nature is the opportunity of art. 
Now, glance for a moment at the amplitude and variety of the 
means provided by nature for the uses of art. We live on a globe, 
which, though small as compared with some of the other planets, is 
yet large enough for any purpose thus far conceived by man. It is 
stocked with a wonderful supply of materials and forces; with 
metals and other minerals to the number of perhaps a thousand; 
with millions of forms of plant life; with hundreds of thousands of 
species of animals. All this vast array of materials in the animal, 
vegetable and mineral world constitute only man’s ‘‘visible means 
of support.’’ In addition there are also the invisible forces of the 


10 Op. cit., p. 40. 
Vol. XVII.—31. 








482 THE SCIENTIFIC MONTHLY 


physical, vital, psychic and social worlds, which make natuy 
namic and creative, which are all subject to the control of ins, 
gence and which, when intelligently directed, may multiply ma; 
power to an inconceivable degree. Truly man’s patrimony is ma) 
velous; he lives in a wonderful world. 


The hills, 
Rock-ribbed and ancient as the sun. The vales 
Stretching in pensive quietness between ; 
The venerable woods, rivers that move 
In majesty, and the complaining brooks, 
That make the meadows green, and poured round all, 
Old ocean’s gray and melancholy waste,— 
Are but the solemn decorations all 
Of the great (Home) of man. 


Now, observe the comparatively slight degree in which ma) 
thus far employed the materials and forces that are read 
hands. Gold, silver, copper, iron, tin, lead and mercury hav 
known and used since the beginning of history. Glass, a fused cor 
bination of the silicates of sodium and calcium, or of potassium a: 
calcium, was employed for useful or ornamental purposes by t 
ancients. Many other elements and compounds have been br 
into common use. But, of the 80 or more chemical elements, | 
were undiscovered at the beginning of the last century. How1 
more are yet to be discovered we do not know. Radium, on! 
cently found, is certainly the most curious and may yet prov 
the most useful of all. Elements supposed to be of no use, lik 
thanium and neodynium, have been found to be in some ot 
compounds’of inestimable service. Creative chemistry, inorga 
and organic, is in its infancy. We have about a thousand min 
species. The inorganic compounds artificially formed from 
number about 10,000, but the possible combinations are infil 
Organic compounds are said to number about 100,000, but here, t 
the possibilities are infinite. We have already attained th 
ficial production of many of our foodstuffs, including an ar 
substitute for sugar, only albumen remaining to be synthes 
The forces of gravity, steam, heat, light and electricity are us 
but only to a very limited extent. The water power of the wo! 
to say nothing of electricity and the other great physical fo1 
many no doubt undiscovered, is sufficient to do all its work, : 
more. The direct exploitation of solar energy, certainly poss 
would render the earth habitable to many billions more people t! 
it now contains. 

From the vegetable world we derive food, clothing, shelter, 
ments, etc., drugs, balsams, resins, gums, dyes, oils, perfumes, 5] 
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ete., ete., but most plants are yet unemployed, those used are too 
often destroyed and only recently have we begun to create new 
forms of plant life, the possibilities in this direction being also 
infinite. 

Of animals we have domesticated a few, utilized the skins and 
flesh of many, and utterly destroyed some which, if preserved, 
might have added immeasurably to the support, convenience and 
esthetic enjoyment of life. The passenger pigeon, for instance, in- 
numerable within the memory of men now living, is as extinct as 
the dodo. The buffalo is a curiosity. Our game birds and beasts 
are rapidly disappearing. The ‘‘pot-hunter,’’ so far from being 
conscious of his true significance in a world economy, or from being 
ashamed of the part he is playing in it, enjoys having his picture 
taken surrounded by the evidences of his ‘‘ prowess!’’ 

Two things, then, are clear: First, man has scarcely made a be- 
ginning in the employment of the materials and the forces of 
nature, nature being for the most part wild, untamed, unused; sec- 
ondly, his use of these materials and forces is largely abuse. 

To be sure, man prides himself on what he has achieved in the 
sciences and the arts. It is much in comparison with nothing, but 
almost nothing in comparison with what may be done. The physi- 
eal sciences have rapidly advanced during the past three centuries 
because the world has been blessed with a few men who loved truth 
for its own sake and pursued it in spite of all opposition; but par- 
ticularly because the physical arts derived from them have lent 
themselves to the immediate and practical purposes of men who 
knew how to use them in the pursuit of their own ends. The bio- 
logical sciences have made great strides since Darwin, and a begin- 
ning has been made in the arts of cultivation and of breeding. Psy- 
chology until recently was a pseudo-science, and the corresponding 
arts of education and individual and institutional management are 
still largely empirical. But the great science of society is yet strug- 
gling for recognition, and the art of social control, of social self- 
direction, of orderly progress, is but faintly manifested in a few 
sporadie attempts at social legislation. We are indeed ‘‘in the 
stone age of polities.’’ Society as a whole has not begun to look 
after its own interests. It is not Man that is intelligent, but men. 
Mankind as a whole has yet to develop a unity of purpose and an 
organization of effort which alone ean enable it to utilize the ma- 
terials and forces of nature in the promotion of its own progress, 
and thus build the society of which some have dared to dream. As 
to the abuses of nature, Alfred Russel Wallace has so well expressed 
the facts and their significance that I will quote his words. After 
dwelling upon the marvelous variety of the useful and beautiful 
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products of nature, and how this variety and beauty, even 
strangeness and ugliness, excite in us admiration, wonder a: 
osity, the emotions at the basis of observation and experiment 
therefore of all science and philosophy, he says: 


These considerations should lead us to look upon all the works 
animate or inanimate, as invested with a certain sanctity, to be 
but not abused, and never to be recklessly destroyed or effaced. 1 
& spring or a river, to exterminate a bird or beast, should be treated as 
offences and as social crimes. Yet during the past century, whic! 
those great advances in the knowledge of Nature of which we ar 
there has been no corresponding development of a love or revere: 
works; so that never before has there been such widespread rava 
earth’s surface by destruction of native vegetation and with it of 1 
life, and such wholesale defacement of the earth by mineral workings 
pouring into our streams and rivers the refuse of manufactories and 
and this has been done by all the greatest nations claiming the 
civilization and religion. And what is worse, the greatest part of t 
and devastation has been and is being carried on, not for any good or \ 
purpose, but in the interest of personal greed and avarice; so that 
case, while wealth has increased in the hands of a few, millions are st 
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without the bare necessaries for a healthy or a decent life, thousa 
yearly of actual starvation, and other thousands being slowly o 
destroyed by hideous diseases or accidents directly caused in this e1 


for wealth, and in almost every case easily preventable. Yet they ar 
vented, solely because to do so would somewhat diminish the profits of 
capitalists and legislators who are directly responsible for this al: 
wide defacement and destruction and virtual massacre of the igi 
defenceless workers.11 

Here, then, in brief, is the situation presented by an 
study of nature and art: a race of intelligent beings dwelling in 
midst of a wonderful supply of materials and forces, al! suscep' 
of use through knowledge; materials and forces so abundant 
varied that by means of them the lot of man may not only be som 
what ‘‘ameliorated,’’ but improved beyond the dreams of poet « 


seer. 


+} 


The men of earth have here the stuff 
Of paradise, we have enough. 

We need no other stones to build 

The temple of the unfulfilled— 

No other ivory for the doors— 

No other marble for the floors— 

No other cedar for the beam 

And dome of man’s eternal dream. 


And yet, here are these intelligent beings abusing nature, and 
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destroying through ignorance and greed many irreplaceable mean 


11‘¢The World of Life,’’ Moffatt, Yard & Co., New York, 1916, pp 
301. 
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of human welfare; working at cross-purposes, quarreling and fight 
ing, using the societal organizations, that have come into existence 
largely through accident, to defeat and destroy each other; glory- 
ing in ‘‘the pomp and circumstance of war,’’ not sufficiently devel- 
oped to be ashamed of it; failing to unite in the achievement of a 
world purpose when presented with a unique opportunity to do so; 
and failing to perceive that the highest 


shouting ‘‘patriotism 
virtue of patriotism is in its mediation to cosmopclitanism, and that 
man’s true Fatherland is not a country but the globe, and now and 
then gravely marching to temples of worship to beseech the Lord 
to do for them what they might easily do for themselves. No won- 
der the Flood! 

The situation, however, is not without elements of hope. Men, 
seeking their own advantage, have demonstrated the enormous pos- 
sibilities of utilizing the materials and forces of nature as means of 
promoting the welfare of the individual. None denies that nature 
may so be increasingly utilized. There is no end to such utilization 
short of the complete artificialization of nature. ‘‘Art,’’ said Emer- 
son, ‘‘must be carried out and upward into the kingdom of nature 
and destroy its separate and contrasted existence. Nothing less 
than the creation of man and nature is the end of art.’’ 

Now, it is an easy inference that what an individual can do and 
is doing for himself a collection of individuals, that is, society, 
may do and ought to do for itself. Society is a domain of natural 
forces. Its progress thus far has been largely a natural process—a 
result of natural selection, an incidental and unintended outcome 
of activities of men which though telic were only so from the stand- 
point of the individual. Society is a unity, a ‘‘collective being.”’ 
How, then, can it be denied that society may and ought to utilize 
nature after the manner in which the individual has set the ex- 
ample? The process in each case is essentially the same. 

To exercise control over nature but two things are necessary, the 
will and the knowledge. The knowledge that it can be done evokes 
the will, so that we have only to provide ourselves with the former 
and the latter will take care of itself. ‘‘As we understand nature 
better,’’ says Ritchie, ‘‘and as we understand human nature better, 
we can secure adaptation and adjustment by bending nature in 
many ways to ourselves instead of bending ourselves in every re- 
spect to nature.’’?” 

Knowledge is power. Knowledge of the materials and forces of 
nature, of all nature—physical, vital, psychic and social—is the 
power to control nature. Knowledge, therefore, is the sole de- 
sideratum. 

Of course, such knowledge implies imagination and idealistic 


12 Ritchie, D. G., ‘‘ Natural Rights,’’ p. 112. 
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construction of the ends we wish to serve. The moment we | 
take to use our knowledge, to exercise any control over natury 
must have some purpose, some end in view, and if the end is ; 
ception of improved individual or social life, it is an ide; 
already seen, there can be no art without a purpose, but a | 

is essentially an ideal. We can not understand, then, the idea ; 
the formation of ideals is an illegitimate procedure in science, P; 
fessor W. G. Sumner says: 


Men who rank as strong thinkers put forward ideals as useful t 
thought and effort. Every ideal is a phantasm; it is formed by ¢ 
one’s hold on reality and taking a flight in the realm of fiction. W 
ideal has been formed in the imagination the attempt is made to s; 
realize it. The whole process seems to be open to question; it is unr 
unscientific; it is the same process as that by which Utopias are 
regard to social states, and contains the same fallacies; it is not a legit 
mental exercise. There is never any correct process by which we car 
an ideal... . What we need to practice, on the contrary, is to know y 
greatest exactitude, what is, and then plan to deal with the case as it is 
most approved means.13 


Exactly so, but how, or why ‘‘deal with the case as it is,’’ unless 
to some end? Professor Sumner’s proposal is inconsistent wit! 
doctrine. Why should every ideal be a phantasm? Why may 
not be a scientific construction on the basis of facts? All t 


contend for is that society should find out ‘‘with the greatest ex 


? 


itude’’ its present conditions and possibilities and then ‘‘p! 
deal with the case as it is by the most approved means,’’ ar 
necessitates a social ideal. Mere idealistic speculation is, w: 
an idle pastime. But ideals, social as well as individual, may 
constructed on the basis of scientific facts and tendencies, a1 
determined they are the practical ends of the control by art 
nature. 

If there are no limits to knowledge, and this is usually regar 
as the true view, then there is no limit to the power of knowl 
or of art, that is, to what man equipped with knowledge can 
As the field of knowledge is the whole universe of phenomena 
mic, organic, psychie and social, so the possibilities of contr 
unlimited in scope. Already the material forces have in larg 
been brought under the dominion of man; in a lesser but st 
large part the vital forces have been brought under his dir 
in a yet lesser degree, because man possesses less knowledge 
field, the social forces have also been turned towards the product 
of improved social conditions. Little has yet been done, bi 
little is yet known in this field. But, given the necessary knowlecs 

18 Sumner, W. G., ‘‘Earth, Hunger and other Essays,’’ New Haven, ! 
pp. 25-26. 
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of social relations, who will dare to set a limit to the achievements 
of art, that is to say, of man, in the matter of realizing here on 
earth the ‘‘kingdom of heaven’’? Of old it was said of man that 
his Creator gave him universal dominion. ‘‘Thou madest him to 
have dominion over the works of thy hands; thou hast put all 
things under his feet.’’ Science confirms this declaration, only this 
dominion must be won by the pursuit of knowledge and the exercise 
of art. And so we may say, as Professor Huxley said, we ‘‘see no 
limit to the extent to which intelligence and will, guided by sound 
principles and investigations, and organized in common effort, may 
modify the conditions of existence for a period longer than that 
now covered by history.’"** He meant, of course, that period when 
in the course of cosmic evolution the world is to become a dead 
world because of the dying heat of the sun. But that period is so 
remote as to give us no concern. 


The human race is supposed to have existed between 200,000 and 300,000 
years, let us say one quarter of one million years. It has been conscious of its 
existence only about 10,000 years, and really alive as a psychic being less than 
5,000 years. The most it has accomplished of any value to itself has been 
jone within 2,000 years, and its great work within 2 
relatively speaking, man has only just begun to exist. His golden age, as 
Saint Simon said, is before him and not behind him. His history is but the 
threshold of the Psychozoic age. The whole of that immense period lies before 
him. The conditions of existence on this earth are now at their optimum, 
abundance of air and water, heat and light, great variety of surface, soil, 
climate, mineral resources and all the materials and forces of nature ready to 
yield to the magic wand of science. There are no indications that these con- 
ditions will change in an entire geological epoch. These favorable conditions 
are certainly liable to last as long as the Tertiary period just closed has lasted, 
viz., 3,000,000 years. They may continue during the first half of the Psycho 
zie period of Mars, or 12,000,000 years. And what does a million years 
mean? Contrast (the human) period with any full geologic epoch and reflect 
upon its significance. For us the Psychozoic age, or any considerable part of 
it, means eternity.15 


0 years. In a word, 


Now, given the three factors—practically an eternity of time, an 
almost infinite amount of utilizable materials and forces and a race 
endowed with intelligence capable of practically infinite develop- 
ment—and the possible progressive realization of a condition of 
society corresponding to, or surpassing, the loftiest dreams of the 
poets, is indisputable. James Russell Lowell, to mention but one 
of the dreamers, declared, in his ‘‘Ode to France,’’ that 


14 Op. cit., p. 85. 
15 Ward, Lester F., ‘‘Glimpses of the Cosmos,’’ Vol. VI, New York, 1918, 
p. 258, 
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Down the happy future runs a flood 

Of prophesying light; 
It shows an earth no longer stained with blood, 
Blossom and fruit where now we see the bud 
Of Brotherhood and Right. 


And in another poem, ‘‘ Elegy on the Death of Dr. Channing 
he said that 


From off the starry mountain peak of song, 
Thy spirit shows me, in the coming time, 
An earth unwithered by the foot of wrong, 
A race revering its own soul sublime. 


But what we have tried to indicate, and in a way to prove, j 
that from the none too lofty peak of present knowledge, fact and 
achievement, and through the dry light of science, the same idea 
visible, not as a poetic fancy, not as a delusive mirage that var 
ishes as we look, but as a possible future condition of society if me 
will but unite and apply art to the general improvement o! 
kind. Obviously, there will be no general unity of purpose unt 
through a new education the social possibilities of unified and iy 
telligent effort begin generally to appear. But in him who glim; 
these possibilities and perceives that they are based upon scient 
facts and laws, there is awakened an enthusiasm for ordered so 
progress and a sense of duty that are essentially religious 
religion of orthodoxy is fast losing its hold. Many of the reli 
beliefs drawn from the limited knowledge and active imaginat 
of primitive man are destined to disappear. But here, in : 
scientific view of nature and of art, and of the relation of int 
man to the world of nature, and the social possibilities that 
out of such relation, are the elements which mighf be made the ba 
of ‘‘a new religion,’’ the religion of science, the religion of huma 


cipated soul. 
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MATHEMATICS AS A CAREER 


By Professor C. J. KEYSER 


COLUMBIA UNIVERSITY 


Tue aim of this article is to help college and university students 
having a bent for mathematics to answer some of the questions they 
ought to consider before deciding whether or not to devote their 
lives to this field of science. 

The questions to be considered may be taken up under the fol- 
lowing four heads: ‘‘Interest and Ability,’’ ‘‘The Nature, Seope, 
Vitality (or Progressiveness) and Dignity of Mathematies,’’ ‘‘The 
Period of Preparation,’’ ‘‘The Mathematician’s Rewards.”’ 


INTEREST AND ABILITY 


In speaking of mathematical ability I shall mean native mathe- 
matical ability, in accord with the proper sense of the familiar say- 
ing that the mathematician is born, not made. Every one knows 
that mathematical ability and interest in mathematical study often 
go together. And it is commonly believed that the two things are 
always associated in such a way that intensity of interest implies 
a high degree of ability, and that superior ability implies corre- 
sponding interest (actual or potential). But that belief is errone- 
ous. Every experienced teacher of mathematics knows very well 
that a student whose mathematical ability is meagre may yet feel 
and manifest a lively interest in mathematical studies. On the 
other hand, it occasionally happens that a student having indu- 
bitably great mathematical gifts has relatively slight interest in the 
subject. What I have said of mathematics is equally true of every 
other form or field of activity. 

It is thus evident that what may for a time seem to a student 
to be an inner summons to mathematics or another subject may or 
may not be a genuine call thereto. Such a summons requires to 
be scrutinized carefuily, for the choice of a vocation is a momentous 
act. I do not mean that choice should be deferred in the hope of 
resolving all doubt, for in such matters complete elimination of 
uncertainties is impossible. Yet one must decide or drift. But, 
although the decision must be adventurous, the adventure need not 
be rash: it may await, not certainty, but the weighing of prob- 
abilities. 

I believe it safe to say that, with very rare exceptions, a student 
may not wisely choose mathematics for a vocation unless he has 
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asked, with respect to himself, and has been able to answer aff; 
tively, the following questions: Is my seeming interest in mat 
matics genuine? Is it an abiding interest? Does it exceed 
interest in every other subject? Is it deep and strong enoug 
stimulate my powers to their highest possible activity and cay 
mathematical work to be for me, not irksome toil, but a labo) 
love? Have I sufficient mathematical ability to read a solid mat 
matical work with fair facility and good understanding? Does m 
mathematical ability exceed my natural ability in every other s ib 
ject? Do I possess in fair measure the natural gifts essential t 
the qualifications of a successful teacher of high-school pupils 0; 
college students or university undergraduates? 

Of the foregoing questions the first one is intended to guard thy 
student against the danger of mistaking for interest in mathematics 
such transitory delights as a bright student is likely to hav 
class-room competitions under the quickening influence of a liv 
teacher. If a student have genuine interest in the subject, he will 
know it; but if his ‘‘interest’’ be spurious, he may be deceived 

The last one of the questions appears to be justified in view oi 
the fact that in our country young men aspiring to a career in 
mathematics have seldom been able to escape the necessity, ev 
when they have desired to do so, of giving a good deal of their tim: 
and energy to the work of undergraduate instruction, and 
relief from such necessity does not seem probable. 

Ordinarily, a student may not hope to arrive at trustworthy 
affirmative answers before his studies have advanced far enoug! 
at least to include substantial courses in analytical geometry and 
the calculus. In any case he should seek the counsel of his in- 
structors, especially if they be candid men of mathematical repu- 
tation and good judgment. 

A more difficult problem presents itself in the case of those rar 
students who have no decisive predilection for a single subject but 
have talents and interests qualifying them well and equally 
adventure in any one of two or more great fields. It is a pity t 
such a student can not wisely make it his vocation to cultivate 
the fields at once or in succession. There is always something tragic 
in having to specialize, for in a profound sense the subject of all 
science is one whole. But the whole is too vast and complicated fo! 
the limited powers of one man; whence the necessity for divisio! 
and for concentration upon a fragment—a necessity whose tragic 
quality is felt with special keenness by a student of diversified gifts 
and interests. The fields in question may be or seem to be widel: 
sundered, as geology and linguistics, for example; or they may 
obviously adjacent, closely related, interpenetrating, as physics and 
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chemistry, for example, or zoology and botany, or philosophy and 
mathematics. If the fields be intimately related a student of the 
mentioned type may aim at a career in two or more of them com- 
bined provided he be endowed with a measure of genius like that 
of Helmholtz, for example, or Henri Poincaré, who won eminent 
distinction in astronomy, in physics and in mathematics. But men 
of such capabilities are exceedingly rare. Ordinarily, a student 
whose tastes and talents qualify him well and equally for two or 
more important subjects ought to choose one of them definitely and 
resolutely as a vocation, reserving the others not less definitely and 
resolutely as avocations; for ordinarily such a decision will be most 
favorable to health and happiness, to depth and breadth of culture, 
to good citizenship in the commonwealth of science, and to the 
service of mankind. 


MATHEMATICAL RESEARCH ABILITY AND ITs TEST 

I have thus far said nothing about research, having reserved it 
for special consideration because of its grave importance. There is 
hardly another term so often heard in university circles and no 
other is mentioned with quite so much respect. Indeed, one some- 
times gains the impression that scientific men, or some of them, 
regard research as being, in comparison with all other activity, not 
only awe-inspiring but sacred or holy, almost divine. Not infre- 
quently men speak of it with a solemnity like that of a sinner rec- 
ommending virtue and righteousness, and doubtless they sometimes 
do it from similar motives, conscious or unconscious. 

What does the term mean? In current use it has two meanings, 
differing in respect to dignity, a minor meaning and a major one. 
In mathematics the minor meaning of the term research covers a 
large variety of work which, though valuable, involving something 
of the spirit and art of discovery and adding somewhat to the body 
of mathematical knowledge, yet requires neither creative genius 
nor a very high order of talent. I refer to such work as that of 
effecting improvements in the exposition of classical doctrines; the 
discovery of new theorems of ordinary difficulty, interest and im- 
portance; new demonstrations of important old theorems; the in- 
vention of new but subordinate methods; the detection and corree- 
tion of imperfections in established theories; and so on. Much of 
the matter found in journals devoted to what is called research is 
of the sort I have indicated. Of course, it does not represent re- 
search in its major sense. 

The major meaning of the term, mathematical research, is 
clearly revealed and rightly represented by nothing save the great 
achievements of creative mathematicians. Such creative activity 
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assumes various forms. It may show itself in the discovery 
powerful method, like the analytical geometry of Descartes ang 
Fermat or the calculus of Newton and Leibnitz; it may show jtse}; 
in the creation of a great doctrine, like the projective geometry , 
Desargues and Poncelet or the function-theory of the complex ya; 
able (Cauchy, Riemann, Weierstrass) ; it may show itself jn ¢) 
form of historical research, as in the monumental Geschiché; 
Mathematik of Moritz Cantor; it may show itself in the form 
contributions to the logical foundations of the science, as iy +} 
Principia of Whitehead and Russell or the Tractatus of Wittge 
stein ; it may show itself in the applications of mathematies t 
pirical science, as in the Einstein Theory of Relativity 
Quantum Theory of Planck. 

Is it possible for a student to ascertain with a good degr 
certainty whether, in the event of his choosing mathematics 
vocation, he may confidently aspire to a research career in thy 
ject? Yes and no. If he can answer affirmatively the foreg 
test questions respecting:interest and ability, then he may, I beli 
fairly assume that his powers are adequate for research 
minor meaning of the term; but with respect to the major mea 
no such guaranty is possible. Just here the element of advent 
which choice always involves, is seen at its maximum. For 1 
can be no conclusive evidence of having the power to do great t! 
except achievement. 


THE NATURE, SCOPE, VITALITY AND DiGNity oF MATHEMAT! 


The nature of mathematics: A competent student of mathen 
ics whose studies have not advanced beyond a solid year of cal 
will not know profoundly or critically what mathematics essential); 
and distinctively is but he will have felt its appeal and gained son 
sense of its power. In this brief essay not much can be saia regar 
ing the essential nature of mathematics. I venture to refer su 
students as may be interested in that great question to my ‘‘ Math 
matical Philosophy,’ where a serious attempt has been mad 
set the matter in clear light and where they may find a clue to 
literature. Here I can barely touch the subject and must cont 
myself with making a few careful, though unargued, statements 
having for their principal aim to discriminate justly and clearly 
between mathematics and natural science. 

Natural science employs logic as an instrument, a tool. | 
speak of logic as a tool of mathematics is meaningless. Logic is ! 
a tool of mathematics—logie is mathematics. All strictly mathe- 
matical propositions are propositions of logic, and conversely. But 
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no propositions of natural science are propositions of logic, or 
mathematics, though the latter propositions are such that the best 
of the former can not be established without them. 

Mathematical propositions are true unconditionally—which 
means that their validity is independent of the facts investigated 
by natural science. But propositions of natural science are only 
was conditionally—on condition, that is, of their agreement with 
the possible facts asserted by them. Suppose, for example, that 
yp and q are propositions of natural science. The mathematical 
proposition—if p is true and p implies q, q is true—is true no mat- 
ter whether p or q or p’ implies q’ is true or false. 

All propositions of natural science are empirical, which means 
that, if a proposition of natural science be true, knowledge that it 
is true can not be gained by inspecting the meanings of the propo- 
sition’s terms but rests ultimately upon sense-perception—upon 
external observation—upon comparison of the proposition with the 
fact asserted by it. No mathematical proposition is empirical; 
knowledge that a mathematical proposition is true can not be gained 
by sense-perception—by comparison of the proposition with any 
fact or facts of the external world; the evidence of its truth is 
wholly contained in the meanings of its terms; and knowledge of 
its truth results from analyzing those meanings. The processes of 
what is called mathematical proof are nothing but the processes of 
such analysis. 

Mathematics is silent respecting the empirical realities of life 
and the world, Yet it is infinitely important as a means for our 
dealing with them effectively. For it is mathematical propositions, 
and only they, which enable us to advance by inference from given 
propositions which do relate to empirical realities to new proposi- 
tions relating tothem. Without the process of such inference, made 
possible by mathematics, natural science, even civilization itself, 
would be impossible. 

The scope, vitality and dignity of mathematics: No student need 
hesitate to choose mathematics for his vocation because of any fear 
that this subject, when compared with others, may be found to be 
inferior to some of them in scope, or in vitality and progressiveness, 
or in dignity. 

Consider the question of scope. We know that the world of em- 
pirical reality—the subject of Natural Science—is so vast and com- 
plicated that each of the natural sciences has for its scope but one 
aspect or fragment of the world. But we do not know whether the 
facts composing the world of empirical reality do or do not consti- 
tute an infinite multitude; and so we can not assert that the an- 
swers, if we had them, to all the questions that all the natural 
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sciences combined might ask would constitute an infinitude 
propositions. With respect, however, to non-empirical truth, wi 
respect to facts of logic, with respect, that is, to prepositions ; 
are unconditionally true, the situation is different: we know, f; 
the internal evidence of the case, that mathematical propositions 
known and unknown, together constitute, not merely a vast multi. 
tude, but an infinite one. Even the body of known mathemat 
propositions is so large that, as I have elsewhere?’ said, ‘‘no m 
though he have the wide-reaching arms of a Henri Poincaré 
contrive to embrace them all.’’ 

With respect to vitality and progressiveness it may be con! 
dently said that mathematics is not surpassed by any brancl 
science. Its developments in our day proceed so rapidly and 
many directions that the ablest men, being unable to follow 
the developments, are obliged to specialize within the general fi 
Ours is indeed the golden age of mathematics. Not less than « 
international congresses of mathematicians were held prior t 
World War. More than 500 scientific journals are devoted i: 
and more than two score others are devoted exclusively, to m 
matical publication. As many as 2,000 mathematical books ; 
memoirs drop from the press in a single year. In all of th 
culture nations are found flourishing mathematical societies 
American Mathematical Society, which is primarily devoted to r 
search, and publishes two journals, has about one thousand n 
bers. The membership of the Mathematical Association of An 
which publishes one journal, is still larger. And in our country 
as in others, there are numerous organizations aiming at impro\ 
ment in the teaching of elementary mathematics. 

Nor is the activity thus indicated confined to ‘‘pure mathen 
ies.’’ ‘‘ Applied mathematics’’ is not less alive. “And here I must 
say a word about those two terms. It is customary to speak o! 
mathematics, of pure mathematics, and of applied mathematics, as 
if the first were a genus owning the other two as species. The cus- 
tom is unfortunate because it is misleading. ‘‘Pure mathematics 
is a superfluous term, for it simply means mathematies and nothing 
else. The term ‘‘applied mathematies,’’ which came into use befor 
the essential nature of mathematics had been discovered, is a mis 
nomer. The uses or applications of mathematics no more consti! 

a species of mathematics than the uses or applications of a sp: 
constitute a species of spade. 

Of present-uay activity in applications of mathematics to ques 
tions of empirical science the tokens are numerous and striking. I! 
will be sufficient to refer to two of them, mentioned before—I mea! 


2‘*Mathematical Philosophy,’’ p. 21. 
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the Relativity theories, of which every one has heard, and the not 
less significant Quantum theories of Planck and others. These two 
examples have special value on another account. For they teach a 
most important lesson which it is very hard for the world to learn 
and they show at the same time how silly it is to debate whether 
devotion to mathematics or devotion to its applications is the better 
form of scientific service. The lesson is that a mathematical theory, 
however abstract and seemingly ‘‘useless,’’ will sooner or later get 
applied to problems of empirical science. For example, the mathe- 
matical theory of probability, which had its origin in common games 
of chance, to-day plays a fundamental réle in Quantum theory and 
the kinetic theory of gases. Again, nothing could appeal less to a 
born utilitarian than the frightfully abstract and complicate Theory 
of Tensors constructed long ago by Riemann and Christoffel. Yes- 
terday, however, that idle theory became the ‘‘backbone’’ of the 
General Theory of Relativity. A similar tale could be told of many 
other mathematical theories long pooh-poohed as idle curiosities, 
non-Euclidean geometries, for example, and the doctrines of hyper- 
spaces. It is not only astronomy and physics and chemistry that 
are open to the invasion of mathematical students with a bent for 
applications but philosophy and psychology, botany and zoology, 
statistics and economics, and every variety of engineering. 

In view of the foregoing considerations it would be superfluous 
to inquire concerning the relative dignity of mathematics in the 
general assembly of sciences and arts. Students desiring to inform 
themselves in respect to the esteem in which mathematics has been 
held from time immemorial by eminent men and women represent- 
ing all fields of intellectual and spiritual activity may be referred 
to Professor Moritz’s superb ‘‘Memorabilia Mathematica.’’ 


Tue PERIOD OF PREPARATION 


What is to be said under this caption with reference to mathe- 
matics applies quite as well to every other cardinal subject. The 
period of preparation usually includes two or three years of uni- 
versity residence devoted to what is called graduate study subse- 
quent to graduation from college. During these years the stu- 
dent will be in fact, if not officially, a candidate for the degree 
of doctor of philosophy, and his period of preparation for a scien- 
tifie career will usually terminate when he has gained the degree. 
To gain the degree he must produce a dissertation embodying the 
result of fairly independent and somewhat original work and must 
pass an examination, which may be oral or written or both, in the 
general field (or fields) of his studies. 

The gaining of the doctorate is not regarded as conclusive evi- 
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dence that the student has research ability in the major m 

of the term as above explained. It is regarded, and rightly ,, 
garded, as signifying that the student has attained a fairly 
degree of scholarly competence in his field of study and 
possesses research ability in at least the minor meaning of the te) 
On this account the fact of having won the doctorate is distine 
helpful, and in some instances is even essential, in obtaining a 
tion, especially a college or university appointment, and ther , 
in obtaining promotion. It is true that not all doctors of philosop 
are scientifically productive; on the other hand, some of the r 
productive scholars within and without the universities | 

held the doctorate; it is also true that pursuit of scholarshi 
pursuit of a degree, though they are compatible, are not the 
Nevertheless, in view of the prevailing practice, a student as; 

to a university career in mathematics or another subject will fin 
advantageous to make whatever sacrifice may be necessary for gai 
ing the doctorate. 


THE MATHEMATICIAN ’S REWARDS 


First, a word respecting material rewards. Having gained t 
doctorate, the young mathematician can readily obtain a colleg 
university instructorship at an initial salary of perhaps $2,000. H 


will instruct undergraduates and may be permitted to offer a grad 
uate course. If he be a successful teacher and especially if, in ad 
tion to that, he wins fair repute for research work, he may 
dently expect advancement, in three to five years, to an assist 
professorship with a salary of $3,000 to $4,000 ; and, in ten to fi 
years, to the rank of full professor with a salary of $4,000 to $6 
A few men of long service and scientific eminence receive as n 
as $8,000 to $10,000. The material rewards of the mathematici 
are notably inferior to those of some of his university colleagues 
in law, for example, in medicine, and in engineering, for thes 
addition to their professorial salaries, often receive incomes, s 
times large incomes, from outside practice of their professions 
professions whose service, though it is not superior to that rence! 
by the mathematician, is more obvious to the indiscriminating 0 
titude, called the public. But the genuine devotee of science is 
disheartened by the spectacle of such iniquity. He is content wit 
such an income as enables him to support his family decentl) 
to do the work to which he has been summoned by the inner cal! 
his talents. 

The life-work of the mathematician is richly compensated ; bu! 
the compensations are not material—they are spiritual. One 0 
them is the joy of life-long contact and intimate association wit! 








MATHEMATICS AS A CAREER 
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CONSERVATION AD ABSURDUM 


By Professor FRANK A. WAUGH 
MASSACHUSETTS AGRICULTURAL COLLEt 

THE constitution of the State of New York exp! 
surdly provides that ‘‘the forest preserve... and 
thereon shall not be sold, removed or destroyed.’’ TT! 
picturesque example of a good idea gone wrong that 
framed and hung in all schoolrooms for pupils to stud 

The good idea which went wrong was formerly ver 
those same schoolrooms. Boys and girls who spoke 
days often recited ‘‘ Woodman, spare that tree!’’ 1 
very seldom heard or heeded, but the idea, in other « 
growing and fructifying into the early doctrine of 
One great trouble of the present is that there are millior 
citizens who have taken only the first degree in cor 
degree in which the password is still, ‘‘ Woodmai 
chestnut.’ 

Meanwhile the conservation lodge has grown in 


progressed in its ideas. George Pope Morris with his o! 


could not now get beyond the outer gate. Modern conse: 
chartered and constitutioned by Theodore Roosevelt 
Pinchot, and while the very first article in their const 
for the preservation of American forests, the whole a 
pro-woodman, not anti-woodman. It was clearly recog 
a civilized land the ax was the natural destiny of th« 
To put the matter differently and better, it was proc 
conservation was not an end but a means. The end 
for the benefit of humanity. All nature’s gifts—for 
human life—should be cherished, cultivated, protect: 
The fullest and highest use can be reached only after j 
ing and eareful cultivation have made the most of eac 
and then the state is under obligatior. to transmit all t! 


r« 


undiminished to posterity. 

Every one of our natural resources comes under 
conservation. These laws may be codified in five prin 
ters, viz: 

Saving 
Cultivation 
Improvement 
Perpetuation 
Utilization 
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ly these laws to the forests just for illust1 
st, the forest lands must be saved. They have to be rescued 


nes from the ungodly woodman admonished in Mr. Morris’s 


but oftener they have to be saved from fir The great prob- 

forest conservation, especially in America, is fire protection. 

er cases, too, our American forests had to be saved from 
vrazing. 

Second comes cultivation. The forest is a er p a id requires 

tion like a crop of potatoes, except that different methods are 

ist Here we have the whole science and technie ot $) lviculture, 

f the main branches of forest practice as taught in all the 

fhirdly, the forests ought to be improved. Good timber stands 

should sueceed eut-over and waste areas; better species should fol- 


low poorer. Just as the farmer strives always toward crop improve 
ment and just as the cattleman is forever trying to breed better 
stock, so the forester is not satisfied to cultivate his current crop 
but must always be seeking something better 

Fourthly, stands the vital problem of perpetuation. No forest 
will stand forever. Even the big sequoias will die some time. Our 
greatest worry over the millions of acres of cut-over, burnt-over 
land in America is not that the standing timber is gone but that no 
provision is made for a renewal of the forest. The great and favor 
te sin of our generation consists in robbing future generations 
We use what should belong to them and we make no provision to 
replace what we steal. 


Lastly and most importantly comes utilization. There is abso 


] 


lutely no sense in saving forests if they are of no use. Here is 
where the public mind needs a lot of clarification 
Of course any forest in being has some use, perhaps highly valu 
able uses. It protects a city’s water supply or it offers recreation 
to millions. It is by no means necessary to chop down all the trees 
in order to use a forest. 
is On the other hand, it is equally unnecessary to leave every tree 
to die and rot on the ground. The simplest and best procedure is 
to remove each tree when it is mature. Under good management 
. its place will then be taken by a younger tree, and so, by this sys- 
S tem, the forest is always made up of young vigorous growing trees, 
whereas by the other system, required under the constitution of the 
state of New York, the forest must always contain a considerable 
percentage of decrepit, diseased, shattered, dead and rotting mem- 
bers. These dead, down and rotting trees add nothing to the beauty 
of the woodland. If the human soul really delighted in such for- 
estry then would we make our parks on that formula and our home 
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is would be embellished with blasted and decaying specimens 
ead and down material also increases the fire hazard. Fro: 


standpoint, in short, it is a detriment to the forest and 
less to mankind. Yet that is what the constitution calls for. 


e the absurdity of this idea is seen it readily follows that 
when mature trees are removed for the good of the forest the lum 
ber may be turned to human use without further injury to the 
sacred cause of conservation. In short there may be established a 
system of forestry in which woodlands are saved, cultivated, im 


proved and perpetuated while the timber is also used—all of it 
This 18 so simple that it hardly required to be stated. At least 
would not, except for the contrary doctrine laughing at us in th 
Constitution, Art. VII, See. 7. 

Wild as it is, this conflict of ideas is easily explains d. It arose 
from the confusion in the public mind of American lumbering with 
scientific forestry. American methods of exploitation have of 
eourse devastated millions on millions of acres of fair and noble 
woodland with seldom a thought to any future. And so Mr. Morris, 
who wrote the poem, and Messrs. New York State and Co., who 
wrote the constitution, got the idea that forestry was all like that. 
They wanted ‘‘conservation with teeth in it.’’ They were deter 
mined that the woodman should spare that tree, even if it did have 
to rot on the land. Mr. Morris said so with poetry; but the con 
stitutional convention missed both the rhyme and the underlying 
facts. 

Yet one should not rail too roundly upon the constitution nor 
the men who made it. There are millions of men and women wit] 
equal qualifications of ignorance who have never yet been elected 
to the legislature nor to a constitutional convention, but who in 
their more influential positions as presidents of woman’s clubs, 
parish priests, family doctors, principals of schools and trolley ear 
conductors, are spre ading the same preposterous notion of conserva 
tion. One meets it everywhere. The foresters in charge of state 
and national forests probably hear from it oftenest and in its most 
horrendous form. For it is practically impossible for any one of 
them to order the cutting of 30 cords of stove wood from trees 
wreeked by an ice storm, or of 5 M F B M (as they say) of dimen 
sion lumber from mature forest stand, without entertaining imme 
diately a stream of protests from outraged conservationists 

Not only does this conservation ad absurdum place an inhibi 
tion upon the cutting of timber, but the same patriotic protest rises 
against other forms of use, grazing, for example. Now it happens 
that nearly all forests include grazing lands. The herding of ea 
tle, sheep, hogs, deer and other cattle on the forests has been prae 
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A CANADIAN LAKE—ONE OF MILLIONS 


ticed from time unremembered—long before Columbus dis 
America or Roosevelt discovered conservation. To-day the 
Forests, to mention only one example, are grazed annually | 
14,000,000 cattle, sheep and horses. The meat, wool anc 
produced are worth many millions of dollars. Yet wit 
regularity than Old Faithful’s eruption of steam and boil 
comes the eruption of steamy alarm that the forests 
ruined by the sheep. Of course sheep can spoil a forest, 
cially ean they prevent the timely reproduction of a n 
trees. At the same time it is wholly practicable to gr: 
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YOUNG WHITE PINE STAND IN A PRIVATELY OWNED MASSA‘ s s Fo 
areas within forest boundaries (there are many such areas, some of 
them of considerable extent) ; and it is also perfectly possible to 
graze good woodlands at certain times and seasons without the 
slightest injury to growing timber. 

In English, French and German forests, long famous for good 
administration, the commercial production of wild game is an estab- 
lished practice. Considerable numbers of deer, especially, are 
raised and slaughtered for food just as simply as beef is raised in 
Missouri and dressed in Kansas City. It would be entirely feasible 
to adopt a similar practice in American forests; but one shudders 
to think of the personal abuse which would descend upon any officer 
who would sanction the killing of ‘‘those beautiful deer’’ (which, 
by the way, the most violent protestants have never seen). There 
is at least one forest in America now which is over-stocked with 
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_where the numbers might be reduced to the benefit of the ani 
s themselves, and where the older members are dying as natu 
vy and as uselessly (anthropocentrically speaking) as the senil 
es which shelter them. But what would be said by all those use 
societies for the conservation of wild life if two thirds of th 
ture bucks in this herd were put on the market by the meat 
ekers along with the beef and mutton which now pastures th« 


+ 


me ranges? Such a step would be altogether rational, but i 
ouldn’t get an encore from our conservation audiences 
Indeed there seems to be a sort of prejudice against all forms 
‘ practical use. The forest, it would appear, is to be reserved fon 
esthetic enjoyment. While this is precisely the particular forest 
use in which I am personally most interested, and which I firmly 
believe ranks above all other uses, yet it is foolish to prohibit other 
uses, especially when they do not in the slightest interfere with our 
pet “‘higher uses.’’ Perhaps our conservationists in excelsis et 
extremis will some day discover that water is one of the leading 
commercial products of the forests, that enormous quantities of it 
are being used through the week to turn machin ry and on Satur 
day nights for baths and all day long for drinking purposes. When 
they learn of this commercial degradation of the forests they should 
to be consistent, prohibit the removal of water from ‘‘the lands of 
the state, now owned or hereafter acquired constituting the forest 
preserve,’’ as it says in the Constitution, Art. VII, See. 7 thid 
This prohibition of drinking water would be more popular in cer 
tain select circles than other constitutional provisions now in fore: 
and it would be just as good conservation as some which now stands 
in the sechoolbooks and the library books and the statute books 
What we really want is ‘‘conservation with teeth in it’’; also 
with backbone enough to stand upright, with legs enough to travel 


on and with brains enough to know where it is going 














Recently photographed by J 
DR. DAVID STARR JORDAN 


Dr. Jordan, chancellor emeritus of Stanford University, was « 

dent of the Pacific Division of the American Association for the A 

of Science at the recent Los Angeles meeting. Dr. Jordan was 
the American Association in 1909 
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THE PROGRESS OF SCIENCE 
By Dr. EDWIN E. SLOSSON 


SCIENCE SERVICE, WASHINGTON 
WHENEVER a shake-up like that in Japan occurs 


OUR UNEASY we take thought of our underpinning. Is this solid 


EARTH 


earth so solid as it seems? Is not the crust likely 
to cave in any time, and if so what sort of a fu 
nace shall we fall into? Will the earth open her 
mouth and swallow us up and our houses and our goods and close in pol 
us as it did upon the men of Korah who ventured to oppose Moses? 

Such fears we may well have felt in our youth when we were taught 
that the earth was a molten mass held in by a thin solid crust. As the hot 
kernel of the earth cooled it would naturally shrink away from the outes 
shell, leaving it unsupported like the ice bridge over a dwindling strea: 
No, that is a highly inappropriate simile, let me say rather like an il! 
baked cake. Perhaps the basaltic dough out of which our world was 
molded might not have been mixed right and might collapse in the cooling 
with disastrous results to us animalculae who dwell upon its upper crust 

Also we used to be told that this shrinkage of the earth caused a 
erumbling of the crust into mountain ranges, and the professor o 
showed us just how it was done by rumpling up the table cloth or th 


LeoloO \ 


pages of his manuscript by shoving his hands together from both sides 
We therefore lived in dread lest a new Himalaya might arise at ar 
moment in our midst and catch us on its peak or slippery slope. 

sut better knowledge of the composition and character of the materials 
that form our globe has given new ideas of its interior and new theories of 
its mountain formation and earthquakes. It is now held that the earth is 
as rigid as steel to sudden shocks and as plastic as putty to lo 
pressure. Don’t say that is an impossible combination of qualities, for 
you can easily prove that it is not. If vou give a sharp tap to an ordinary 
phonograph record you will knock a piece out of it. On the other hand, 
if you lay it on an uneven surface and pile books on it you know that th 
disk gradually warps out of shape and gives awful music. So the earth, 
behaving like a rigid body, will erack under a local strain and transmit 
the vibrations of it swiftly to all parts of the world and yet the continents 
float upon its plastic mass so stably that their rise and fall is imperceptible 
The pressure is so great at a depth of some sixty miles that the rock will 
flow and therefore each section of crust sinks to its proper level and re 
mains in perpetual balance with all-the rest of it. 

This is known as the “isostasy” theory and has been chiefly worked out 
by Hayford and Bowie of the U. S. Coast and Geodetic Survey. Accord 
ing to them mountains are not formed by crumbling but by swelling. As 
the mountains are worn away through erosion by wind and water, the sedi 


yr continued 


ment carried down by the rivers is deposited on the edge of the sea. ‘I his 
transfer of material from the mountains to the sea above ground is com 
pensated underground by the slipping of an equivalent amount of the hot 
viscous material to the base of the mountain so that the mass of the mou 
tain area and of the ocean area remain the same. Mountains may there 
tore be pushed up from below as they are being rubbed off on top. But 
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not at the same rate, for the material forced into the erust 
mountain area is denser than that eroded from the surfac 
mountain area will be gradually worn down to a low elevati 
material of the rocky crust of the earth contracts and expan 
falls, erodes and deposits. We find ocean fossils on top ot tl 
and some parts of a continent may have submerged and eme) 
edly in the course of time. Where the mountains are old and 
and the land has been leveled, there is little likelihood of eart] 
the crust has practically reached equilibrium. But where tli 
are young and rise sharply from the sea there are still adjust: 
made ‘and these cause slips and jerks comparatively slight 
sufficient to bring disaster upon the puny works of man. 


ALREADY the revival of the controversy : 
A PSYCHOLOGIST 


UNDERTAKES TO 
EDUCATE 
CHIMPANZEES 


origin by “special creation” or by “eve 
given a new impetus to research. Dr 
Yerkes, psychologist and student of 
havior, has undertaken an intensiv 
three 


chimpanzee, one of the man-like apes. There are onl; 


great ape, the gorilla, the chimpanzee and the orang-utan. O 
chimpanzee is perhaps most like man in its behavior. 

Dr. Yerkes’s pair of young chimpanzees were brought to 
Africa. It is reported that he originally named them Adam a 
called their garden home Eden! But more recent account 
“sense” vanquished “sentiment” and the animals are now kno 
and “Panzee.” Thus, doubtless, the scientist hopes to avoid wi 
sensibilities of Adams and Eves of the genus homo and increasi! 
dice against the anthropoid apes in those who consider evolut 
religious. 

Chim is a little “blackface” chimpanzee from the Belgiai 
is thought to be about 14 months old and he weighs about 20 po 
Yerkes says it would take a lively child of three to keep up 
play or in solving problems which depend on manual skill ar 
Panzee-—a name peculiarly appropriate to the female of the sp: 
“whiteface” from British West Africa. She is somewhat large 
but weighs less, although she is thought to be about 18 monthis « 

The chimpanzee couple will winter in Washington, where D 


plans to seek answers to such questions as: Can the chimpanz 
to speak? Already he knows that it can understand much that 
it. Has it ideas and ean it solve practical problems in novel a1 
ways? Does it of its own initiative use objects as tools? The 
Chim acts more “intelligently” and “reflectively” than a child « 
To what extent is the chimpanzee educable? Can it acquire scor 
dreds of habits, if trained systematically as is the child? 

Dr. Yerkes has had a great deal of experience in educatu 
all grades from earthworms to college students. He succeed 
earthworms to find their way out of a maze so thoroughly that 
retain their training even after their heads were cut off. TI 
was not tried on college students. But I should be willing t 
the chimpanzee will not learn as much from him as he will 

Man’s superiority over all other creatures of earth, water a 
ingly is due to intelligence. Careful, skillful, long-continued 


growth and development of the chimpanzee, and espe ially ¢ 

















Dr. YERKES witH ‘‘CHIM’’ AND ‘* PANZI 
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gence and its emotions may throw invaluable light on the 
velopment of mind in general. This certainly would be 
mind surely is the most fascinating aspect ot Nature. 

The task which Dr. Yerkes has set himself is as difficult 
tant, for the great apes, to be reared successfully and kept 


and spirits, must be treated much as children. Little is kno 


t 


tainty about the habits, lite history and mental lite ot 
This is chiefly because of the discouraging difficulties in obtain 


and studying them. but why journey to darkest Altrica 
matter lightest Africa—to study the nest-building instinct 
tion) ot the chimpanzee when you can see a tree-nest Dullt 
ridiculously and pathetically man-like animals in your own b: 
Reports of Dr. Yerkes’s discoveries in the realm of ap 
eagerly and impatiently awaited by those who consider the cl 


be man’s cousin as well as by those who deny their relationshi 


Tue things we are surest about we 

THE FAITH about. We do not have to. There 

OF THE things that all sensible men take for 
SCIENTIST there is no use in trying to convince thos 
not sensible. But once in a while it is we 
down to the very foundations of our faith to see what they are 

There is one principle that underlies all the s«iences as it do 
nary life and yet is not often specifically pointed out. 

This is the invariance of nature or the constancy of caus 
That under the same circumstances the same thing will happ« 
anywhere. This is a bit vague, for of course the elreumstat ees 
twice the same all through the universe. And nobody can pr 
why it must be so. | 

For instance, who knows if the law of gravitation will 
morrow? Why should not all particles of matter repel one a 
of attracting one another? 

Suppose some erratic oak tree, in a desire to be original, 
to bear watermelons instead of acorns? Who is entitled to 
ean not? Suppose the earth should get tired of always turnii 
way and take a notion to turn from east to west for a chang: 
you know it won’t? You don’t know. Yet you are sure it 

The only reason you ean give is that this never has happened, 
is merely the prejudice of the conservative, the negation of all p 

Yet this principle, that like causes always produce like effect 
be assumed by pure faith before we can undertake our next d: 
It is also a necessary assumption in all scientific caleulations. Let 
sider, for instance, the astronomer, for he indulges in longer ter 
cies with greater assurance and success than any other scient 
point is best put by a French poet, Sully-Prudhomme, in a be: 
net that may be translated as follows: 


The Rendezvous 
By Sully-Prudhomme 


’Tis late; the astronomer his vigil stern 

On lofty tower prolongs. In silent space 

He seeks his golden isles, nor turns his face 

Till the starry host grows pale with morn’s return. 


Y 


Bright worlds, as grain the winnowing flail doth spur 
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Fly past thick-clustering nebulae a-light; VOL. 
His eager gaze one streaming orb pursues in flight, 
He calls: ‘*‘This hour, ten centuries hence, return.’’ 
Return it shall. Nor time nor space abates, 
The Everlasting Fact it never can assail. 
Men pass from view; Eternal Science waits. 
An though Humanity itself should fail, 
Fair Truth will stand, alone, upon the tower r 
To keep that tryst at the appointed hour. 
(Translated by F. P. H 


Now I faney that Sully-Prudhomme with poetie license has 
ated a bit the marvelous power of prescience possessed by the ast 
To fix the exact hour for a comet’s return a thousand years in : 
rather closer figuring than we can do with certainty. There is : 
possibility that the comet may be wrecked in a collision or sidet: 
some star. 

But Sully-Prudhomme does not exaggerate the confidence of 
tist in his fundamental principle of the constancy of natural 
astronomer is willing to stake his life, or what he values more, | 
reputation, that if none of these accidents happen and if he 
weighed all the factors involved, the result will be exactly as h 
is so sure of it that if a comet does not return on an expected dat: THE ¢ 
be confident that some unforeseen force has intervened and he 


to find it. If he does not find out what is wrong, other astron RECE 
take up the task and devote their lives to finding the cause of the Pr 
ancy. They may keep at the problem for a thousand years and nev: THE | 
of saying: “Well, perhaps there isn’t any reason. Comets are queer a 
any way.” PC 
And if an oak tree should take to bearing watermelons—thi PETR¢ 
as unexpected have happened—the botanists would be absolute 
there was something new inside or outside the tree that set it t THE 1 
They would start to experimenting and probably find out what it THE I 
the course of time. “There’s a reason” is the faith of the scient ‘ 
far he has never been belied. SOME 
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